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FORWARD 


The Missouri Department of Natural Resources’ Water Resource Center and Public Drinking 
Water Branch have the responsibility to assist state residents by assuring them of adequate 
and safe water supply. The purpose of this information is to ensure availability of water 
information for effective decision-making by communities and department program 
managers. In addition, it is expected to be used to determine and allocate existing water 
supplies. The scope of this study primarily addresses surface water supplies to cities and 
communities that are expected to experience water shortages during an extended drought. 
Surface water supplies consist of lakes, rivers and streams and in many cases combinations 
of both. 


PREFACE 


This data and service conditions of the analyzed systems were accurate at the time of study 
but may not reflect present day water use or system capability due to modifications or 
changes in source water. 


This 2010 water supply report is a result of the state’s water resource law water planning 
mandates and done under the direction of the Missouri Drought assessment committee. This 
report and several previous compact disc versions since year 2000 have examined 
communities at risk and their ability to sustain themselves during drought. Many of these 
water supplies had only months of water supply assured during recent droughts of 1999-2000 
and 2002-2004. Most of the communities are located in the northern and western areas of 
Missouri. These areas are groundwater poor and dependent upon surface water supplies. 
Four community supplies that draw most of their water supplies from streams in northern and 
southern Missouri were also examined for firm yield capability. This study is not a complete 
evaluation of all communities at risk of depletion of water. Updates to this 2010 Water Supply 
Report are expected and will be produced by compact disc. 


The authors determined that a hard cover edition was needed to better illustrate to a wider 
audience the critical water quantity needs of many marginal water supplies in the state. 
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INTRODUCTION 


This report was prepared by Missouri Department of Natural Resources to address water 
supply needs and distribution as a result of extremely dry weather during the drought 
beginning in 1999 and extending into year 2004. Reservoirs were surveyed by USGS to 
determine the remaining storage of water for use by cities, communities, and rural water 
districts. This data is used for drought planning in establishing a network of available water 
supplies to be used to distribute to needed locations in north and west central Missouri where 
water needs are met by surface sources. This report is not meant to be used as a regulatory 
manual. 


Surface water supplies studied and contained in this report are: 


Water Supply Systems 


1. Adrian 22.James Port 
2. Bethany 23.King City (4 lakes) 
3. Bowling Green 24.Kirksville 
4. Breckenridge 25.Lake Viking 
5. Brookfield 26.Lamar 
6. Bucklin 27.Little Otter 
7. Butler 28.Marceline 
8. Cameron (4 lakes) 29.Maysville 
9. Concordia (E.A. Pape Lake) 30.Memphis (Lake Show Me 
10.Creighton and Old City Lake) 
11.Dearborn 31.Middle Fork Grand 
12.Drexel (Stanberry) 
13.Fayette (2 lakes) 32.Milan 
14.Garden City (2 lakes) 33.Moberly 
15.Green City 34.Monroe City 
16.Hamilton 35.Mozingo 
17.Harrison County Rural Water 36.Ridgeway 

District #1 37.Sedalia 
18.Harrisonville 38.Shelbina 
19.Higginsville 39.Unionville 
20.Holden 40. Vandalia 
21. Ironton 


Also, this report contains Stream Flow analysis to selected cities obtaining their water supply 
from rivers and streams. These streams are: 


1. Black River at Poplar Bluff 
2. Saline Creek at Perryville 
3. Shoal Creek at Joplin 

4. Thompson River at Trenton 


In addition, staff gauges were installed in five lakes. The gauges will aid in making estimates 
of remaining water supplies and projections during drought periods. These lakes are: 

Butler 

Eagleville (Harrison County Rural Water District #1) 

Hamilton 

Marceline 

Monroe City (Rte. J Lake) 


ORWANEP 
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EXECUTIVE SUMMARY 


Missouri Department of Natural Resources Water Resources Program Surface Water 
Supply Staff has prepared an analysis of 44 communities’ water systems within Missouri. 
These include 40 lake systems and four systems using streams as their main water 
supply source. These systems are mostly in the north and western part of the state. Many 
of the cities and water supply districts in northern and western Missouri must obtain their 
supplies from surface water sources in areas where there is either a lack of available 
wells, poor water quality or both. Two of the southeastern streams are the exception. 
They are Black River at Poplar Bluff and Saline Creek at Perryville. 


The objective of this water supply study is to provide technical hydrology and water 
resource engineering assistance to communities on how to allocate their water supplies 
during the critical drought of record in order to satisfy their needs during an extended 
multi-year dry episode. How we manage our water greatly effects the well being and 
economic stability of the area. 


Scenario illustrations are presented for several communities to assist local decision- 
makers in allocating scarce water supplies. Projecting these scenarios upon current 
water demands through the most severe drought of record by placing optimum demands 
upon the reservoirs, streams, and off channel storage facilities in area will assist 
community leaders in determining if additional water supplies must be found or 
developed to avert water supply emergencies. 


The 1950's drought is the most severe extended drought of record for Missouri. The time 
period 1951 through 1959, the “drought of record” was used as a base for determining 
the adequacy of present reservoir water supply capability. 


Several of the examined water supply systems are from a collection of surface water 
sources, which can include several small lakes in series or tandem, often supplemented 
by in-stream diversion pumps. These analyses were made for some of the most critical 
supplies. Cities usually use two sources to supply their needs. These sources are lakes 
and flowing streams. Water stored in lakes comes from rainfall runoff to the lakes. Many 
of the lakes are too small in size and drainage area to satisfy local needs. As a result, the 
supply provided by the lakes must be supplemented by other sources. A common 
practice is to pump from streams into the lakes during high stream flows in an attempt to 
keep water levels in lakes near full. During droughts one can expect the streams to dry 
up or stream flow to be so low that pumping cannot be achieved. Basic engineering 
programs were used to study lake capacities and stream flows. 


Staff gages are planned to be or have been installed on five of the lakes. By using these 
reservoir stage gages and with the analysis of historical droughts, supply projections can 
be made. We also produced frequency of depletion type charts. These charts can assist 
engineers to assess water needs and distribution. If an additional step is taken by the 
local communities to monitor supplies the local operators can project for themselves their 
remaining storage to empower public works directors on how to allocate existing water 
supplies. 


Because of the gradual increases in demand for water, these charts will also assist in 
determining the urgency of providing new reservoirs and additional water storage 
facilities. 


Tables one and two show the dependability of water supplies for each system. Not all 


systems could withstand a drought such as the one in the 1950’s with their present 
demands. 
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MISSOURI WATER SUPPLY STUDIES 
Summary of Lake Analysis 
| | | Optimum Optimum | Comments 
| Drainage area | Annual Demand | Yield from Yield with Yearof | Lake 
CITY Lake Name | | | Lake Pumping Analysis | Storage 
Acres Sq.Mi. Gallons mgd mgd mgd Acre-Ft 
Adrian City Lake 517 0.81 135,999,600 0.373 0.050 0.492 2003 290 
Bethany West Fk Big Ck-C1 11,000 17.20 80,300,000 0.220 0.590 NA 1,095 | Water is pumped to New Lake 
Bethany New Lake 750 1.17 0.175 0.175 NA 499 | Water is pumped to Old Lake 
Bethany Old Lake 218 0.34 0.051 0.051 NA 162 | Water to treatment plant from Old Lake 
Supply System 11,975 18.71 133,095,000 0.365 0.816 NA 2002 1,754 
Bowling Green | East Lake 803 1.25 129,870,000 0.356 0.363 NA 1,240 | Pump from East To West Lake and return 
West Lake 809 1.26 86,580,000 0.237 0.237 NA 460 | for maximum use of runoff into lakes. 
Supply System 216,450,000 0.593 0.593 NA 2005 
Breckenridge City Lake 416 0.65 21,535,000 0.059 0.052 NA 2004 140 
Brookfield City Lake 650 1.02 0.207 0.230 2,070 | Lake only 
City Lake + stream NA 0.617 Lake plus West Yellow Creek 
Total Supply System 244,845,000 0.671 NA 0.671 2000 Lake, West Yellow Creek & holding basins 
Bucklin City Lake 300 0.47 31,025,000 0.085 0.046 0.085 2007 157 
Butler City Lake 1990 3.11 368,562,000 1.010 0.270 1.010 2001 749 | Lake & Marais Des Cygnes River 
Cameron Grindstone Res. 13382 20.91 273,750,000 0.750 0.850 NA 2,019 | Water is pumped to lake 3 
Reservoir #1 1050 1.65 0.060 NA 103 | Water gravity flows to Lake 3 
Reservoir #2 1150 1.80 0.130 NA 320 | Water gravity flows to Lake 3 
Reservoir #3 1100 1.73 0.320 NA 938 | Water to treatment plant 
Supply System 16682 26.09 567,450,000 1.554 1.360 NA 2013 3,380 
Concordia E.A. Pape Lake 5425 8.48 180,424,870 0.494 0.839 NA 2002 2,740 | Historical Demand 
474,500,000 1.300 1.330 1.330 2002 Increase Demand 
Creighton City Lake 630 0.99 10,220,000 0.028 0.066 NA 2003 113 
Dearborn City Lake 350 0.55 22,724,000 0.062 0.010 NA 2000 52 | Dearborn now buys from K.C. 
Drexel City Lake #1 2989 4.67 0 0 0 NA Not used for water supply 
City Lake #2 535 0.84 37,522,000 0.103 0.119 NA 345 | Lakes not in series 
Supply System 3524 5.51 37,522,000 0.103 0.119 NA 2003 
Fayette D.C. Rogers Lake 2490 3.89 153,300,000 0.420 0.190 NA 2007 2,520 | Drainage area includes Fayette lake 
Fayette Lake 1254 1.96 NA NA NA NA 717 | In series upstream of D.C.Rogers lake 
Garden City Cities New Lake 430 0.67 29,889,810 0.082 0.182 NA 2004 441 
Cities Old Lake 109 0.17 20,311,090 0.056 0.069 NA 2004 177 
Supply System 539 0.84 50,200,900 0.138 0.251 NA 618 
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MISSOURI WATER SUPPLY STUDIES 
Summary of Lake Analysis 
| | | | Optinum =| Optimum | | | Comments | 
| | Drainage area | Annual Demand | Yield from | Yieldwith | Yearof | Lake | | 
CITY | Lake Name | | | | | Lake | Pumping | Analysis | Storage | | 
Acres Sq.Mi. Gallons mgd mgd mgd Acre-Ft | 
Green City | City Lake 800 | 1.25 66,612,500 | 0.183 0.149 | NA | 2000 428 | | 
Hamilton City Lake 1142 1.78 94,900,000 0.260 0.190 0.260 2000 896 | Lake and Marrowbone Creek | 
Harrison Co. | Lake 3009 | 4.70 30,660,000 | 0.086 0.044 | NA | 2003 140 | | 
PWSD#! | Lake and Basin 0 | 0.00 | 0.087 | NA | | Storage basin added for volume | 
Harrisonville | City Lake 9523 | 14.88 511,000,000 | 1.400 1.540 | NA | 2007 6,990 | | 
Higginsville | City Upper Lake 1730 | 2.70 0| 0.000 0 | NA | 128 | For sediment control | 
| City Lower Lake 1700 | 2.66 337,125,000 | 0.924 0.462 | 1.310 | 2002 1,462 | Pump from Mo.River to lake | 
Holden | City Lake 2572 | 4.02 91,250,000 | 0.250 0.567 | NA | 2003 3,810 | | 
Ironton | Shepherd Mountain 2624 | 4.10 73,000,000 | 0.200 0.226 | NA | 2007 186 | Drainage area includes Snow Hollow lake _ | 
| Snowhollow Lake 500 | 0.78 0| 0.000 NA | NA | 321_| Upstream of Shepherd Mountain lake | 
Jamesport | City Lake 900 | 1.41 21,900,000 | 0.060 0.069 | NA | 2000 163 | | 
King City | South Lake 550 | 0.86 | 0.074 0.078 | NA | 2000 417 | | 
| North upper lake 60 | 0.09 | 0.005 0.005 | NA | 39 | | 
| North middle Lake 240 | 0.38 | 0.007 0.008 | NA | 65 | | 
| North lower lake 210 | 0.33 | 0.039 0.042 | NA | 332 | | 
| Supply System 1060 | 1.66 45,625,000 | 0.125 0.133 | NA | 2000 853 | | 
Kirksville | Forest Lake 9415 | 14.71 1,058,634,000 | 2.900 3.530 | NA | 2005 12,500 | Kirksville total demand | 
| Hazel Creek Lake 6165 | 8.07 1,058,634,000 | 2.900 1.954 | NA | 2005 8,680 | | 
Lake Viking _| Private Lake 9040 | 14.13 18,250,000 | 0.050 2.460 | NA | 2006 12,000 | | 
Lamar | City Lake 3050 | 4.77 175,144,800 | 0.480 0.427 | NA | 2002 1,582 | Also use one well | 
| Well | | 0.430 | NA | | (2)600 GPM pumps | 
| Supply System | | 0.587 | NA | | Assume can pump 1/2 time | 
Little Otter | County Lake 4820 | 7.53 438,000,000 1.200 1.200 NA 6,624 | Cooperation with NRCS PL-566 program __| 
Marceline | Newer City Lake 2388 | 3.73 163,420,300 | 0.448 0.412 | NA | 2003 1,990 | | 
| Older City Lake 271 | 0.42 0| 0.000 0.060 | NA | 462 | Old Lake not used or surveyed | 
| Supply System 2659 | 4.15 163,420,300 | 0.448 0.472 | NA | 2003 2,452 | | 
Maysville | Willowbrook Lake 3740 | 5.84 44,927,000 | 0.123 0.310 | NA | 2000 784 | | 
| South Lake 140 | 0.22 | 0.000 0.020 | NA | 75 | | 
| West Lake 2050 | 3.21 | 0.000 0.120 | NA | 250 | | 
Supply System 5930 9.27 44,927,000 0.123 0.450 NA 2006 1,109 | 
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MISSOURI WATER SUPPLY STUDIES 
Summary of Lake Analysis 






































| | | Optimum Optimum | Comments 
| Drainage area | Annual Demand | Yield from Yield with Yearof | Lake 
CITY Lake Name | | | Lake Pumping Analysis | Storage 
Acres Sq.Mi. Gallons mgd mgd mgd Acre-Ft 

Memphis Lake Show Me 1700 2.66 153,300,000 0.420 0.780 NA 2002 4,125 

Old City Lake 965 1.51 0 0.000 0.095 NA 2001 220 | Downstream of New Lake 

Total 2665 4.17 153,300,000 0.420 0.875 NA 2002 4,345 
Middle Fork Lake 4037 6.30 127,750,000 0.350 0.381 NA 2000 915 | Includes Stanberry 
Milan Elmwood Lake 4100 6.41 602,250,000 1.650 0.737 1.650 2000 2,503 

Golf Course Lake 680 1.06 0 0.000 0.116 0.116 2000 555 

Supply System 4780 7.47 602,250,000 1.650 0.854 1.766 2000 Lake and Stream 

Shatto 170 0.26 0 0 0.083 NA 2000 662 | Private Lake - Not used for water supply 
Moberly Sugar Creek Lake 7170 11.05 561,159,100 1.537 1.200 1.540 2003 5,250 
Monroe City Rt. J Lake 5250 8.20 152,701,000 0.418 1.010 NA 2002 1,246 
Mozingo Maryville Lake 13,390 20.92 700,800,000 1.920 2.900 NA 2001 17,520 | Cooperation with NRCS PL-566 program 
Ridgeway Rock House Lake 5723 8.94 13,991,000 0.038 0.246 NA 2003 461 
Sedalia Spring Fork Lake 7027 10.98 990,657,900 2.714 1.059 NA 2002 1,249 
Shelbina Lake 1542 2.41 127,249,000 0.349 0.273 0.360 2001 406 | Pump from Salt River 
Unionville Lake Mahoney 1900 2.97 139,500,000 0.382 0.283 NA 2004 620 | Uses Lake Thunderhead 

Lake Thunderhead 14700 22.96 0 3.361 NA 2004 15,400 | Private lake not designed for water supply 
Vandalia Vandalia Lake 3666 5.73 94,535,000 0.259 0.330 NA 2005 317 

Table 1 
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MISSOURI WATER SUPPLY STUDIES 
Low Stream flows 
| | | | | | 1 year In 50 | Year 2000 | 
| CITY | STREAM | Drainage | Annual Water use | 7-day Q10__—_| Lowest Mean monthly | Mean Base | 
| | | Area | Total | Daily use | Low flows | Low flows | Flow | 
| sq.mi. allons mgd cfs mgd cfs mgd cfs Comments 
| Joplin | Shoal Creek | 427.0 | 3,949,175,941 | 10.82 | 43 | 27.75 | 34.0 | 21.94 | 226 | No off channel storage 
| Perryville | Saline Creek | 55.8 | 289,448,000 | 0.79 | 1 | 0.65 | 0.9 | 0.58 | 18 | No off channel storage Use wells 
| Poplar Bluff | Black River | 1245.0 | 1,122,486,000 | 3.08 | 216 | 139.41 | 254.0 | 163.94 | 603 | No off channel storage 
| Trenton | Thompson | 1670.0 | 694,520,000 | 1.90 | 9 | 5.81 | 7.5 | 4.84 | 55 | Off channel storage 


cfs in cubic feet per second 
mgd in million gallons per day 


Table 2 
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Introduction to Lake Analysis 


These analyses were made for the drought of record, which was through the 1950's. At least 
two conditions are presented in all cases. The first run was made with current demand and the 
second was to optimize that demand to establish the firm yield. Other runs were made if 
necessary, such as effects of different schemes of pumping from a creek. If pumping from a 
stream was incurred, additional runs were made to evaluate effects of pumping. 


USDA's Natural Resource Conservation Service reservoir operations computer program 
"RESOP" was used to make each evaluation. Computations are in one-month increments and 
represent end of month results. The "RESOP" program uses: 

. Lake volume and surface area 

. Rainfall 

. Runoff 

. Lake Evaporation 

. Seepage 

. Demand or water usage 

. Other inflow such as pumping from a stream. 


NOOR WNEF 


Sources of data used to evaluate remaining storage in each reservoir are: 


e Reservoir Storage - Reservoirs were surveyed for remaining available storage by the USGS 
from year 2000 to 2004. 

e Time Period - The analysis for drought effects was selected to be the 1950's. This was the 
longest and most severe drought of record. 

e = Rainfall - Rainfall for each water supply lake was the nearest NOAA weather station. If there 
were missing days in the data, then the next nearest station was used to fill in the gaps. 

e Runoff - Regional monthly runoff from nearest stream gages were used. If the runoff did not 
look to be reasonable, i.e. Runoff greater than rainfall for a certain month, adjustments were 
made to the runoff by examining each individual rainfall event for that month. To make the 
runoff determination, five-day rainfall was used to estimate the anticedent moisture. The NRCS 
cover complex number was used to estimate runoff for each storm. See appendix "A" for an 
explanation. 

e Evaporation - The nearest NOAA weather station with pan evaporation data was used. Pan 
evaporation was then adjusted to Lake Evaporation. 

e Seepage - Seepage was estimated based on experience. In north Missouri seepage is very low. 

e Demand - Demand is the amount of water available for consumptive uses. This value comes 
from community records. 

e Other - Other is used to identify other inflow or outflow such as pumping from a stream. 


"RESOP" is a DOS program. The users manual and software for the 
“RESOP" program is not included in this report but are available on CD upon request. 
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Missouri drinking water supplies studied and dates surveyed. 
Water Supply Lake Date of Lake Bathymetry Survey 
Ty “AUNAN ave echacd love te ee ieee a Lae er April 2003 
2. Bethany ............ 2 City Lakes (Not Mapped) 
Big Creek Lake C-1 (Map available at NRCS) 
3. Bowling Green ... East Lake.............0.cceeeeeeeeeeeeees February 2005 
West Lake ................:::ceeeee ees February 2005 
4. Breckenridge ..............:ccceeeeeeeeeeeee eter eee eeeeeneseeeenenes April 2004 
5s, | BrOoktieldis:: iigestheuvotecereecdhviduis deve yeuseyadncteaeeoesuades July 2000 
Ge (BUCKIINsisiseteeteid sciecaeteegee eee see aienese sik dees ardepstddebes bs March 2007 
Ee BUI iccetecktecraecegsetecwusselveegs ess lava sbiack leeeeaeresneeabres April 2001 
8. Cameron.............0 Reservoir GLM-A2...............:06 July 2013 
3 City Reservoirs.............0::6008 July 2013 
9. Concordia.............. E.A. Pape Lake............::ceeeeee June 2002 
TOS CreightOns i. ss.es tees ade eae ee dane cayeteeeigresyagsbetosdeare nee debys June 2003 
TA De arbOrme.tscrt.esgieveieesaegiasdisveseeatgiiveieweroe grasa tadant June 2000 
122 IDrexeliccusdseht pede sbasiseweees beebeste ad Gen ehaeeddaes idedsbecevade June 2003 
13. Fayette............0... D.C. Rogers Lake .............:.:55 March 2007 
Fayette Lake (Not Surveyed) 
14. Garden City............ New Lake...........e:eceeeeee ceeeeeees April 2004 
Old Lake............ ce ceeeeeeeeee eee ees April 2004 
1'5.-Green City’ ceo naveeantepenee ce ean.caparacery aihdtsesmever en tee July 2000 
TPO HamMitOns vee sasecertce ccses secret exe etex pieeesteeeiuseyennczse sete July 2000 
17. Harrison County Rural Water Dist. #1...............:::08 May 2003 
18. Harrisonville ......... 0c eceee cece scene cence eee e eee eeeeeeeneees March 2007 
19: FIQGINSWIIG: oo. csc. ceverccas ciate. sepiee adv coy naaehel edaseraints June 2002 
ZOOM SM iets Seecceg ine heee feted panne enanngane dBase June 2003 
21. Ironton ........... eee Shepherd Mountain Lake............ July 2007 
Snowhollow Lake ..............::::0 July 2007 
22 SAMOS: POlber es saicarecdetentiieccarivavear hid Aageda vip anders July 2000 
23. King City............... South Lake...........:.:cceeeeeeeeeeees July 2000 


Lower North Lake (Not Shown) 
Middle North Lake = (Not Shown) 
Upper North Lake (Not Shown) 


24. Kirksville...............4. Forest Lake.............:eceeeeeeeeeeees March 2005 
Hazel Creek Lake ...............::65 March 2005 
25: Lake: VIKING’: sien Ga sesskeaeeic te gyalqine reads i acdig etveieeds > March 2006 
26 aM ales ssid ieee shades Vea tana ease wee hth: Maes kn eka ae May 2002 
27. Little Otter Creek Lake ................::2:000ee (Map available at NRCS) 
283 Marceline@ ss tnsiic deltas tees eSpace Aecib he tars teadua tect May 2003 
29. Maysville ............... Willowbrook Lake.................:05 July 2000 
Maysville South Lake ............... March 2006 
Maysville West Lake................. March 2006 
30. Memphis.................. Lake Show Me.............::0::e00e June 2001 
Old City Lake .............: eee June 2002 
31. Middle Fork Grand River .............0:0cceeeeeeeeeeeeeeeeeeeeees July 2004 
32. Milan ...........:::eeeee Elmwood Lake............:::0eeeeees June 2000 
Golf Course Lake ..............::005 June 2000 
Shatto Lake ..............::::eeeeeeee ee July 2000 
33. Moberly.............:008 Sugar Creek Lake................005 Dec. 2003 
34. Monroe City ............ RTE “J” Lake siecc. ecctetreet eee June 2004 
35. Mozingo Creek............::ccceeeeeeeeeeeee entree (Map available at NRCS) 
26. RIDQ@Way. ieee. et seeded need adie epeuee ida eens May 2003 
27. Sedalia.............0008 Spring Fork Lake .............::::008 April 2002 
29. Shelbina sy ssses sete ess esc sece be ateaseeee geen Sedees and ae ees June 2001 
39. Unionville ............... Lake Mahoney ............:::eseeeeee es April 2004 
Lake Thunderhead ............. 0... April 2003 
AQ Vandalia nis ieeiees dese Heth iees Pace, vyaden ead ast nies February 2005 


December 2013 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Adrian Reservoir System 
Water Supply Study — Adrian, Missouri 
Drought Assessment Analysis 


l. Overview 


The Adrian reservoir system (figure 1.1) is located east of the City of Adrian in northern Bates 
County, Missouri. The reservoir system is the primary source of drinking water for the City of 
Adrian and Bates County PWSD (Public Water Supply District) #5, which purchases all of its 
drinking water from Adrian. The combined population served by the Adrian reservoir system is 
approximately 4,000 with an average consumption of 0.588 million gallons per day (mgd) 
according to the 2008 Census of Missouri Public Water Systems (maintained by the Public 
Drinking Water Branch, Missouri Department of Natural Resources). 


The Adrian reservoir system consists of a lower (primary) lake and a small upper lake that 
serves as a sediment control basin for the primary lake. Since 1938, the Adrian reservoir 
system has been supplemented with water diverted from the South Grand River. Water is only 
diverted from the South Grand River if stream flow exceeds 3 cubic feet per second (cfs) due to 
in-stream flow needs for water quality concerns. Demand on the Adrian Reservoir in 2000 was 
approximately 0.373 million gallons per day. The calculated firm yield from the reservoir is only 
0.0495 million gallons per day - to meet the demand of 0.373 million gallons per day, raw water 
is pumped from the South Grand River into the reservoir. Historical water demand on the Adrian 
Reservoir is illustrated in figure 1.2. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in 
a lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. Additional models were used to assess stream flow 
data for the South Grand River; however, these models are not described here. The stream flow 
analysis for the South Grand River is described in the Stream Analysis section of this report. 


Two scenarios were analyzed for the Adrian reservoir system using the RESOP model: 


1. The first scenario assesses the water budget for the reservoir with no additional sources of 
water (no diverting from the South Grand River). An analysis of ‘Normal’ demand (actual 
demand from 2000) was applied to the reservoir during the drought of record to assess 
potential water deficits. A second analysis for ‘Optimum’ demand was performed to 
determine the firm yield from the reservoir without additional water sources - this value 
represents the viable quantity of water available. Figure 1.3.a illustrates the relationship 
between these two curves - when actual demand is applied to this scenario the reservoir is 
emptied completely and would not be capable of supplying water to meet demand. The firm 
yield is insufficient to meet demand. 


2. The second scenario analyzes ‘Normal’ demand and ‘Optimum’ demand for the Adrian 
reservoir system when additional water is diverted to the reservoir from the South Grand 
River (figure 1.3.b). A stream flow analysis was performed on the South Grand River to 
estimate the number of days per year that stream flow would exceed 3 cfs and allow for 
pumping. Based on this analysis, it was estimated that water diverted from the South Grand 
River to the reservoir would allow Adrian to meet the 2000 demand of 373,000 gallons per 
day if the pump operates two-thirds of the time that stream flow exceeds 3 cfs. If water is 
diverted the entire time that stream flow is sufficient in the South Grand River, Adrian was 
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estimated to be capable of producing 492,000 gallons per day (with a maximum pump rate of 
500 gallons per minute). 


Figure 1.3.c illustrates the degree of water loss due to evaporation from the sediment control 
basin. 


ll. Drought Assessment Summary 


The Adrian reservoir system without additional sources of water is not sufficient to meet 
demand. The 2000 demand of 0.373 mgd, when applied to the reservoir during the drought of 
record (with no other sources of water) would have resulted in water deficits November 1952 
through January 1955, July 1955 through March 1957, February 1958, and August 1959 through 
December 1959. The estimated firm yield from the Adrian reservoir system without 
supplementary supplies is 49,500 gallons per day. 


The Adrian reservoir system is capable of meeting and exceeding the 2000 demand of 373,000 
gallons per day with additional water diverted to the reservoir from the South Grand River. The 
2000 demand of 0.373 gpd can be met if water is diverted from the river two-thirds of the time 
that stream flow exceeds 3 cfs (calculations and estimates are based on additional stream flow 
analysis models and a maximum pump rate of 500 gallons per minute). If water is diverted to 
the reservoir at the maximum pump rate (when stream flow allows) the firm yield of the Adrian 
reservoir system is estimated to be 0.492 mgd. 


Demand on the Adrian reservoir in 2008 is approximately 0.588 mgd, which exceeds the 
calculated firm yield of 0.492 mgd derived from the RESOP model. Although current (2008) 
demand exceeds the calculated firm yield, it should be noted that the firm yield value was based 
on a maximum pump rate of 500 gallons per minute at the intake location on the South Grand 
River. A larger capacity pump or multiple pumps working in tandem would increase the 
calculated firm yield from the reservoir system to accommodate for the additional demand. 


Ill. RESOP Model Parameters 


Terms in brackets refer to ‘control words’ for the RESOP program. Each term represents one or 
more values that are used to calculate the modeled water balance for the given reservoir or lake. 
The descriptions that follow describe the methodology and protocol for deriving these values. A 
detailed description of the variables addressed by each control word is provided in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Adrian Reservoir 
(figure 1.1) conducted by the United States Geological Survey (USGS) under contract from the 


Missouri Department of Natural Resources on June 6, 2003. These relationships are illustrated 
in figure 1.4.a for the primary (lower) lake and (figure 1.4.b) for the sediment control basin. 
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Adrian Reservoir (Upper and Lower Lakes) 





Lower (Primary) Lake 
(feet) (acres) (acre-feet) Additional Notes 
832 
834 
836 
838 
840 
842 
| a2 





844 42 190 
846 Lake conditions June 6, 2003 
846.2 49.8 290 Spillway 








Upper Lake (Sediment Control Basin 


Elevation Volume 
(feet) Area (acres) | (acre-feet) Additional Notes 


844 


850.7 Lake conditions June 6, 2003 











852.3 13.8 35 Spillway 
[LIMITS] 
Lower (Primary) Lake 
Maximum StOra Qe iyecvevcedsscvgesedeads edo ecicedae pn bhadan ane cudaxsieeduendedadevesvuim ets 290 acre-feet 
MINIMUM YSTOFAGE 5: sien cch.s cudsvesceeencind ite squhdduds pencdinauond cuts nentedusdued sade acaaa cut eeants AO acre-feet 
Drainage: DASIN: SIZE. ce fictee sade cueeeeactdes fan ccedeaeape ceageo-cdshevaee Calg eusueeeaeaed cuagvavacenenss 352 acres 
Upper Lake (Sediment Control Basin) 
MaXiIMUM StOraQe ..........2..cecceceee cece ee eeece cece cnet eet aeaaeaeaeeeeeeetnesaeaeaeeeeeeeeneaaaaaas 35 acre-feet 
MINIMUM StOPAQE 2-2: eweedeessaece cee teu feeeeseccced sane gesv bb eceaevbeaueeesvesyedeu bene edeveekeaevabea O acre-feet 
Drainage basin SIZO o.oo... eee eect cece ee eeenee aces ee ee ee teeaaeaeeeeeeeeeeeneceaaaaeeeeeeeeeeaaaa 166.4 acres 
Combined drainage basin SIZC ...........cceceeeeeeeceeeee eee eeeeeeaeeeeeeeeeseeeeaeeeeeeeeeeeaa 518.4 acres 


Initial storage volume was equated to the reservoir volume at maximum capacity for both lakes. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from the primary lake was estimated to be 2.0 inches per month when the reservoir is 
at or near full capacity and 0.0 inches per month as the water level approaches the lower limits 
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of the pool. The earthen dam on the Adrian Reservoir is composed primarily of clay-rich 
materials and seepage through the dam is minimal. 


Seepage for the sediment control basin is minimal and assumed to drain directly into the primary 
lake. A seepage rate of 0.2 inches per month was used for the upper lake when the lake is at 
maximum capacity and 0.0 inches when near empty. 


[RAINFALL] 


Precipitation rates from Butler, Missouri (approximately 8 miles south of Adrian) were used for 
this analysis and supplemented with data from Appleton City, Missouri. Average annual 
precipitation in Butler from 1970 through 2000 was 42.05 inches. Annual precipitation in Butler 
from 1953 through 1957 was 28.8 inches, 35.7 inches, 28.4 inches, 21.3 inches, and 37.5 
inches, respectively. 


[RUNOFF] 


Regional monthly runoff values were determined from stream gauge data. A monthly runoff 
volume in watershed inches was determined from data collected at the Little Blue River gauge 
near Lake City, Missouri. Another gauge on Cedar Creek (near Pleasant View, Missouri) was 
also comparatively analyzed. Measurements recorded at the lake were similar to those 
observed at the two gauges. Regional runoff was determined from the Little Blue River drainage 
basin, which has soil types and topography similar to that of Adrian. Some regions of the Little 
Blue River drainage basin are urbanized; however, the additional monthly runoff volume 
expected from these regions did not significantly affect the results. For months where 
precipitation values appeared inconsistent with measured runoff values, daily rainfall values 
were considered. Antecedent moisture was estimated for each rainfall event and adjustments to 
the Natural Resource Conservation Service (NRCS) runoff curve number were made to estimate 
runoff for each storm event. 


[EVAP] 

Pan evaporation values from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from the reservoir due to evaporation. An adjustment factor of 0.76 
was applied to derive this parameter. 

[DEMAND] 

For this analysis 0.737 mgd was used for evaluation. 

Values for water usage by Adrian are illustrated in figure 1.2. Between 1992 and 2003, water 
demand in Adrian was fairly constant at 0.373 mgd. Optimum demand (yield) from Adrian 


Reservoir without an additional source of water (diverting from the South Grand River) is 49,500 
gallons per day. 
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Elevation Area Volume 
feet acres acre-ft 
Lower Lake 





Lake elevations and 
respective surface areas and volumes. 
Lower lake spillway elevation 846.2 feet. 
Upper lake spillway elevation 852.3 feet. 


850 8 Elevations referenced to North American 
0.> Vertical Datum 1988 (NAVD 88). 
ae EXPLANATION 


— 840— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. 
— 846 — WATER SURFACE—Shows approximate elevation of water surface, 
June 5-6, 2003 (table 27). Actual elevation of lower lake 846.1 Actual 
elevation of upper lake 850.7. 
a U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
on south side top of concrete block surrounded by water at full pool. 
Elevation 847.1 feet. 
a U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
on top of 18 inch culvert. Elevation 852.7 feet. 


300 600 FEET 


l 
100 200 METERS 





o-oo 





Bathymetric map and area/volume table for Adrian Reservoir near Adrian, Missouri. ; ; 
In cooperation with 
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Adrian Lake 


Water Supply Study - Adrian, Missouri 
Water Use 


—O—Water Use ——Trend | 





Water Use (mgd) 
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Year Figure 1.2 
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Adrian Lake 
Water Supply Study - Adrian, Missouri 
RESOP Model Results 
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Figure 1.3.a 
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Adrian Lake 
Water Supply Study - Adrian, Missouri 
RESOP Model Results 
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Adrian Upper Lake 
Water Supply Study - Adrian, Missouri 
RESOP Model Results 


—— Normal Demand | 





Storage Volume (acre-ft) 


Lake is used for sediment control 
Storage loss due to evaporation and seepage 
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Figure 1.3.c 
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Adrian Lake 


Water Supply Study - Adrian, Missouri 
Storage Volume and Surface Area 





—0O— Storage Volume —O=— Surface Area | 


Spillway Elevation = 846.2 feet 
Volume = 290 acre-feet 
Surface Area = 49.8 acres 


Water Surface on June 6, 2003 
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Adrian Upper Lake 
Water Supply Study - Adrian, Missouri 
Storage Volume and Surface Area 


—0— Surface Area —O— Storage Volume | 





Volume = 35 acre-feet 
Surface Area = 13.8 acres 
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Storage Volume (acre-ft) and Surface Area (acres) Figure 1.4.b 
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Harrison County Lake C-1 
Water Supply Study — Bethany, Missouri 
Drought Assessment Analysis 


l. Overview 


Harrison County Lake (West Fork of Big Creek C-1), located in central Harrison County, (figure 
2.1) is designed for flood control, recreation and municipal water supply. The lake was planned as 
a flood prevention and water supply lake through the USDA’s NRCS small watershed program 
(PL-566), and is about 10 miles North of Bethany. Construction of the lake was begun in 1994 for 
a two-year construction period. Water supply from Harrison County Lake began in 1999. The 
reservoir was designed to have 1,095 acre-feet of storage for domestic use, Bethany sponsored 
679 acre-feet and Harrison County Commission, along with Harrison County PWSD #2 
sponsored 416 acre-feet and an additional 711 acre-feet is allocated for recreation. . The Bethany 
and Harrison County Reservoir system serves a population of approximately 3,160 with an 
estimated water demand of 0.35 million gallons per day for Bethany according to the 2008 
Census of Missouri Public Water Systems (maintained by the Public Drinking Water Branch, 
Missouri Department of Natural Resources). Missouri Department of Conservation manages 
Harrison County Lake for fish and wildlife. 


Harrison County Lake is located in Section 30, Township 65 North, Range 28 West and was 
surveyed by NRCS as part of the “West Fork of Big Creek” watershed plan development. 
Municipal and industrial water supply was planned and included to supplement Bethany’s water 
supply and to provide for domestic water for rural water supply districts, they currently are 
Harrison County Public Water Supply District #2, Cainsville, Coffee, Davies County PWSD #2, 
Gilman City and Ridgeway. The design provides for release to in-stream flow needs for water 
quality concerns of 0.35 cubic feet per second (cfs). 


The two Bethany lakes, reported as Bethany New Lake and Bethany Old Lake, are the primary 
source of water for Bethany. These two lakes were not surveyed, as a result it was necessary to 
estimate the surface area and storage volume in order to estimate optimum yields. To do that the 
elevations and corresponding surface area were determined from a 7.5 minute USGS 
topographic map. The area below the spillway elevation was assumed to be a ratio of the 
Harrison County Reservoir. Volume was then determined based on that area. Figure 2.4.b and 
2.4.c illustrate the results. Figure 2.4.a represents Harrison County Lake. 


A consulting engineering firm, George Butler, Inc., was hired to establish the volume of domestic 
water needs to meet demand and make projections for water use. The drought of record was 
during the 1950’s. This study evaluated the effects that drought would have on the availability of 
water supplies. Figure 2.2 illustrates Bethany’s water demand. Bethany treatment plant receives 
water from Bethany Old Reservoir. Water is transferred from Harrison County Reservoir to 
Bethany New Reservoir and then transferred from Bethany New Reservoir to Bethany Old 
Reservoir. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage ina 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 
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Two scenarios were modeled for Harrison County Reservoir. The model assumes that ‘Normal’ 
demand for Harrison County Reservoir to be 0.22 million gallons per day and that ‘Optimum’ 
demand from the lake’s domestic water supply is 0.59 million gallons per day. ‘Optimum’ demand 
was performed to determine the firm yield that represents the viable quantity of water available. 


An additional test allowed the water allocated to recreation to be used in addition to the domestic 
water supply resulting in an optimum yield of 1.32 million gallons per day. Figure 2.3.a illustrates 
these relationships. Figures 2.3.a and 2.3.b show optimum demand for Old and New Lakes. 


ll. Drought Assessment Summary 


Harrison County Reservoir along with Bethany Old Reservoir and Bethany New Reservoir meets 
Bethany’s 2002 demand of 0.365 million gallons per day. Harrison County Reservoir’s share of 
this demand was estimated to be 0.22 million gallons per day. The volume allocated to domestic 
uses is 1095 acre-feet. RESOP analysis results in 358 acre-feet remaining in the pool. Optimum 
demand would be 0.59 million gallons per day. Another test allowed the recreation storage be 
used. This resulted in a demand of 1.32 million gallons per day. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Harrison County Lake 
(West Fork of Big Creek Watershed, Lake C-1) conducted by the United States Department of 


Agriculture, Natural Resources Conservation Service (NRCS). Surface area of the lake and 
associated storage volume capacities are illustrated in figure 2.4. 


Storage allocation: 


SECIMEN1...... etter teetttttettstessseeee= 1,036 acre-feet 
Municipal Water Supply for Bethany................. = 679 acre-feet. 
Ag. Water for Rural Water Supplies.................. = 416 acre-feet. 
RECIEAtON: s.cctereet et eceta veces mee et abet esther seins = 711 acre-feet 
Floodwater Retarding.............:.::ccceeeeeeeeeeeee ees = 3,592 acre-feet. 
Total at Emergency Spillway................::0::ce eee = 6,434 acre-feet. 


Harrison County Reservoir Physical Data 



































Harrison County Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-feet) 
940 23.48 66.3 
944 54.38 222.0 
948 91.24 513.2 
952 143.00 981.7 
956 211.95 1,691.6 
960 280.23 2,676.0 
964 345.03 3,926.5 
968 429.60 5,475.8 
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972 513.87 7,362.7 
976 616.64 9,623.7 
980 720.88 12,298.8 
984 846.17 15,432.8 
Principal Spillway Elevation.............00.:ccceeee eee eee cence eee eeeaees = 960.0 feet. 
Emergency Spillway Elevation ..............:c:cceeceeeee eee eee eee eee = 970.1 feet. 
Top of Dam Elevattion.............:0:0ceceeecee cee cents eee eeeeee teen need = 975.1 feet 
Bethany New Reservoir Bethany Old Reservoir 
Elevation Area Elevation Area 
(feet) (acres) Volume (feet) (acres) Volume 
Assumed_| Estimated (acre-feet) Assumed Estimated | (acre-feet) 
72 0 0 76 0 0 
76 1 2 80 1 3 
80 4 12 84 3 13 
84 10 39 88 6 30 
88 16 91 92 9 59 
92 26 175 96 13 102 
96 38 302 100 17 162 
100 50 499 





























Assumed spillway elevation for both lakes = 100 feet. 
Surface areas estimated based on USGS 7.5-minute topographic maps. 


[LIMITS] 

Harrison County Lake 

MAXIMUM :StOlaG@ ss wee. viisceeini ocak igaeshiveinen a ipaget its ceiienene les ee 2,842 acre-feet 
Minimum storage for domestic USC..............:c:ceee eee eee eee eee eee eee 1,581 acre-feet 
Minimum storage for domestic use and recreation ..................:05 870 acre-feet 
Drainage baSin SIZ@......... 0... cee cece cee eects cee tenet ene eee tee 17.2 square miles 


Initial storage was equated to the reservoir volume at maximum capacity. 


Bethany New Lake 


MaxiMUM StOraGe........... cece cee ce eects eee eee eee eee eee ene ne nate cae ea need 477 acre-feet 
MINIMUM StOLAGe...... 26. ..e cece eee cee eee eee eee eens eee eee eee eee ee ee eeee erates 15 acre-feet 
Drainage baSin SIZ@........ 0... e cece cece nee e eens eee e nee eee eea atta 1.17 square miles 


Initial storage was equated to the reservoir volume at maximum capacity. 


Bethany Old Lake 
Ma€aXxiMUM StOraQe......... 2. ce eee eee eee eee eee ee eee cece eee eee eae eens eae eee teed 162 acre-feet 


MINIMUM StOrAGe...... 22... e ce eeee cece eee eee ee eee eee eee eens see eea nee eaeeeeaee eas 10 acre-feet 
Drainage baSIN SIZC.............cc cee cee ce ee ee eee eeeteeettateeeeessaeeee 0.34 Square miles 
Initial storage was equated to the reservoir volume at maximum capacity. 


[GENERAL] 


The record period of drought is in the 1950's. The analysis used in this model is January 1951 
and ended December 1959. 
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[SEEPAGE] 


Seepage from Harrison County Lake estimated to be 0.5 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 

Bethany Old Reservoir was estimated to be 0.1 inches per month when full and Bethany New 
Reservoir was estimated to be 0.25 inch per month. Both reservoirs’ seepage is near 0.0 as the 
water level is drawn down. 


[RAINFALL] 


Precipitation values for the drought of record were obtained from the Bethany, Missouri rain 
gauge. 


Average precipitation in Bethany was 37.24 inches between 1970 and 2000. Precipitation values 
for the drought of record were obtained from Bethany, Missouri (approximately 8-miles south of 
Ridgeway). The most severe drought occurred between 1953 and 1957 with annual precipitation 
values in Bethany of 24.09 inches, 32.05 inches, 27.00 inches, 24.31 inches, and 32.27 inches, 
respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the East 
Fork Big Creek stream gauge, located at Bethany, Missouri. The drainage area monitored by this 
stream gauge covers approximately 95 square miles. When this regional runoff value is 
inconsistent with precipitation values recorded for Bethany, individual storm events were 
considered. Antecedent moisture was estimated for each storm event and adjustments to the 
Natural Resource Conservation Service’s (NRCS) runoff curve number were made to estimate 
runoff from each storm event (See Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Harrison County Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to derive this value. 


[DEMAND] 


Normal demand from Harrison County Lake for this analysis is 0.22 million gallons per day 
occurring in 2002. 


The demand of 0.22 million gallons per day was arrived at with the following analysis. 

Bethany Deman[............... cc: cee ceeeee tee eee eee teeettetttiteteseeseeeee= -0.365 million gallons per day. 
Bethany New Lake Optimum demand = 0.175 million gallons per day. 
Bethany Old Lake Optimum demand = 0.051 million gallons per day. 

Subtracting to get normal demand from Harrison County Lake = 0.139 million gallons per day. 

Add 0.08 million gallons per day for uncertainty..... ............. = 0.220 million gallons per day. 
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Water Use (mgd) 


Harrison County Lake 
Water Supply Study - Bethany, Missouri 
Water Use 
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Harrison County Lake 
Water Supply Study - Harrison County, Missouri 
RESOP Model Results 
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Bethany New Lake 
Water Supply Study - Bethany, Missouri 
RESOP Model Results 
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Figure 2.3.b 
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Bethany Old Lake 
Water Supply Study - Bethany, Missouri 
RESOP Model Results 


—— Storage Volume (Optimum Demand) 
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Figure 2.3.c 
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Harrison County Lake 
Water Supply Study - Bethany, Missouri 
Storage Volume and Surface Area 





—0O— Surface Area —O=— Storage Volume | 


990 





Storage Allocation 
Sediment Storage = 1036 acre-ft. 
Conservation Pool = 1806 acre. ft. 
Flood Retarding = 3592 acre-ft. 
Total Below Emergency Spillway = 6434 acre-ft. 





Elevation (ft) 





Principal Spillway Elevation = 960.0 ft 
_ |Emergency Spillway Elevation = 970.1 ft 


Top of Dam Elevation = 976.6 ft 
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New Bethany Lake 
Water Supply Study - Bethany, Missouri 
Storage Volume and Surface Area 


—O— Storage Volume -O=—Surface Area | 
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Old Bethany Lake 


Water Supply Study - Bethany, Missouri 
Storage Volume and Surface Area 
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Bowling Green Lakes 
Water supply Study - Bowling Green, Missouri 
Drought Assessment Analysis 


l. Overview 


Bowling Green is in Pike County in northeast Missouri (figure 3.1.a and 3.1.b). Bowling Green’s 
water supply is met by two city owned reservoirs located approximately 1 and 2 miles east of 
Bowling Green. During drought periods they require making plans to obtain additional water from 
some other source. One possibility that has been considered is to run a pipeline to the Mississippi 
River, another source would be Mark Twain Reservoir. 


The city began using water from the West Reservoir in 1990, following it’s filling with water after 
construction. The older East Reservoir has been enlarged in recent years and the drainage area is 
small, resulting in recharge being slow. In order to capture some of the overflow from the West Lake 
the city has installed equipment to pump water from the West Lake to the East Lake. A motorized 
valve operates and directs the flow either to the water plant or to the East Lake. This means that 
water is pumped to the East Lake only when the plant is off. A 1500 gallons per minute pump is used 
for the water transfer. During a drought period this scheme would not provide an adequate water 
supply because there would not be enough runoff to provide overflow from the West Lake. 


Historical demand on the reservoirs in 2000 was reported to be 216,450,000 gallons equaling 0.593 
million gallons per day. Based on total storage, water demand for each of these two reservoir studies was 
distributed between both lakes so that 60 percent of the needs could be supplied by the east reservoir 
and 40 percent supplied by the west reservoir. Figure 3.2 illustrates historical water use for Bowling 
Green. The water use trend has been increasing at a rate of 3.2 percent per year. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a lake or 
reservoir by summing volumetric gains and losses on a monthly basis for a given year. Factors that are 
taken into account in the model include reservoir volume, drainage area, precipitation, seepage, 
evaporation, and others. Please refer to Appendix A for a more thorough description of the RESOP model 
program. 


This analysis modeled each of the two reservoirs to show the water demand upon the Bowling Green 
water supply system. The two reservoirs must work in unison to meet the demand for Bowling Green. 
This model assumes the ‘Normal’ demand for Bowling Green is 0.593 million gallons per day and that 
water from the East Reservoir meets 60 percent of the demand and the West Reservoir meets 40 percent 
of the demand. 


ll. Drought Assessment Summary 


The Bowling Green Reservoirs are at risk of not meeting the community's demand for water during times 
of drought without additional sources of water as demand increases. The 2004 demand on the reservoirs 
was approximately 0.617 million gallons per day. When this demand value is applied to the reservoirs 
during the drought of record in the 1950’s, water supply would not meet this demand. The estimated 
optimum yield from Bowling Green’s two reservoirs is 0.595 million gallons per day (figures 3.3.a and 
3.3.b). 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term represents 
one or more values that are used to calculate the modeled water balance for the given reservoir or lake. 
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The descriptions that follow describe the methodology and protocol for deriving these values. A detailed 
description of the variables addressed by each control word is provided in Appendix A. 


[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Bowling Green Reservoirs 
conducted by the United States Geological Survey (USGS) under contract from the Missouri Department 
of Natural Resources on February 24 and 25, 2005. Surface area of the lakes and associated storage 


volume capacities are illustrated in figure 3.4.a and 3.4.b. 


Bowling Green Reservoirs Physical Data 
































































































































East Reservoir West Reservoir 

736 0.1 0.1 732 0.0 0.0 
738 0.9 1.0 734 0.3 0.2 
740 3.1 4.0 736 0.9 1.4 
742 3.7 9.5 738 1.4 3.7 
744 5.5 18.8 740 1.9 7.1 
746 7.1 31.5 742 2.4 11.3 
748 8.3 46.8 744 2.8 16.5 
750 9.4 64.5 746 3.1 22.3 
752 10.5 84.4 748 3.5 29.0 
754 11.7 107 750 5.4 37.5 
756 13.3 132 752 8.0 51.0 
758 14.9 160 754 10.5 69.4 
760 16.4 199 756 12.6 92.6 
762 18.1 225 758 14.6 120 
764 20.0 263 760 17.0 152 
766 21.6 305 762 18.8 187 
768 23.1 350 764 20.5 227 
770 24.8 398 766 23.1 269 
772 26.3 449 768 23.7 315 
774 27.7 503 770 25.2 364 
776 29.2 560 772 26.9 416 
778 30.6 619 773.6 28.2 460 
780 33.1 683 
782 33.6 748 
784 35.1 817 
786 36.6 888 
788 38.2 963 
790 39.9 1,040 
792 41.8 1,120 
794 44.0 1,210 

794.6 44.8 1,240 

Spillway Elevation = 794.6 feet Spillway Elevation = 773.6 feet 
Water Surface on February 23, 2005 Water Surface on February 24, 2005 
Elevation 794.6 feet Elevation 773.6 feet 








[LIMITS] 
East Reservoir 


MaxiMUM-StOlage@: ss: s.ss0adececee aed days touen ed Nada tp eee d hak re ead es aes 1240 acre-feet. 


MINIMUM StOraGe........ 6... cece eee ee cece e ee eee ee ene een eee eae ee aces eed eea ene neta 
Drainage baSin SIZ@......... 0... cece eee ene eee eee ee ee nessa etna ee eeenee anes 
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West Reservoir 


Maximum Storage s.s.cd sence abeicotsags at bia ees a lagpedie tecusadaapetbeegasad cggeed neta oe 460 acre-feet. 
MINIMUM StOrAGe...... 2.2... ee eee ee cee eect eee eee ee ete see se ttiteetttetstiteeeseree eee 90 acre-feet. 
Drainage DaSIN SIZE... ...... 6c cece cee cece ee eee eee eee ee ee eae eeaeesatessatettsaeesessses ss O09 acres. 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is January 
1951 through December 1959. 


[SEEPAGE] 


Seepage from West Lake is estimated to be 2.0 inches per month near full capacity and approaches 0.0 
inches as the reservoir is emptied. Seepage from East Lake is estimated to be 3.5 inches per month at 
full capacity and approaches 0.0 as the reservoir empties. The reservoir is bound by an earthen dam 
composed of compacted clay-rich materials - seepage through the dam is considered negligible 


[RAINFALL] 
Precipitation values for the drought of record were obtained from the Bowling Green, Missouri rain gauge. 


The most severe drought occurred between 1952 and 1957 with annual precipitation values in Bowling 
Green for the period of 1952 through 1957 of 25.48, 26.85, 28.39, 33.78, 29.47 and 39.53 inches, 
respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Young’s Creek 
stream gauge, located at Mexico approximately 30 miles west of Bowling Green. The drainage area monitored 
by this stream gauge covers approximately 67.4 square miles. When this regional runoff value is inconsistent 
with precipitation values recorded for Bowling Green, individual storm events were considered. Antecedent 
rainfall was determined for each storm event and adjustments to the Natural Resource Conservation Service’s 
(NRCS) runoff curve number were made to estimate runoff from each storm event (See Appendix A for 
additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were used to estimate 
water loss from Bowling Green Reservoirs due to evaporation. This data was supplemented and compared 
with evaporation data from stations at New Franklin, Missouri or Washington University located in St. Louis, 
Missouri, depending on which station had the most recent data. An adjustment factor of 0.76 was applied to 
convert pan evaporation to lake evaporation. 


[DEMAND] 


City records reported to “Missouri Department of Natural Resources” major water users database 
determined water demand. Bowling Green reported using a total of 216,450,000 gallons, averaging 0.593 
million gallons per day of water in year 2000. To distribute water between the two lakes, It was 
determined that 60percent of demand could come from the East Lake because it has more storage 
volume and 40percent would come from the West Lake. The East Reservoir would supply 0.356 million 
gallons per day, and West Supplies 0.237 million gallons per day. These values were applied to the 
drought of record. 
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Table 3.1.a Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 773.6 feet. 
Elevations referenced to North American 
Vertical Datum 1988 (NAVD 88). 

Note: Volumes calculated from surface 
testing 1.72 feet vertical accuracy at 95 
percent confidence level. 


—770— BATHYMETRIC CONTOUR—Shows altitude of the reservoir 
bottom. Contour interval 2 feet. Contours tested 2.44 feet 
vertical accuracy at 95 percent confidence level. 





EXPLANATION 


200 METERS SS 























—773.6— WATER SURFACE—Shows elevation of water surface, 
February 24-25, 2005 (table 35). 


w U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
Chiseled arrow on rip-rap boulder at northwest end of dam. 
Elevation 774.2 feet. 


a USGS 


science for a changing world 


imap and table of areas/volumes of the Bowling Green (New) 


Lake near Bowling Green, Missouri. 
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BATHYMETRIC CONTOUR—Shows altitude of the reservoir 
bottom. Contour interval 4 feet. Contours tested 2.67 feet 
vertical accuracy at 95 percent confidence level. 


WATER SURFACE—Shows approximate elevation of water 
surface (actual was 794.6 ft), February 23, 2005 (table 31.4.b). 


780.0 \ 

a U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
| 784.0 | 35.1] 817] Chiseled arrow on southeast side of spillway. 

786.0 Elevation 794.4 feet. 
| 788.0 | 38.2| 963) 

790.0 1,040 

792.0 1,120 

794.0 : 

794.6 


Table 3.1..6 Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 794.6 feet. 
Elevations referenced to North American 
Vertical Datum 1988 (NAVD 88). 

Note: Volumes calculated from surface 
testing 2.28 feet vertical accuracy at 95 
percent confidence level. 
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Bathymetric map and table of areas/volumes of the Bowling Green (Old) Reservoir near Bowling Green, Missouri. 
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West Reservoir 
Water Supply Study - Bowling Green, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand) =-—Storage Volume (Optimum Demand) 
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East Reservoir 


Water Supply Study - Bowling Green, Missouri 
Storage Volume and Surface Area 
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West Reservoir 
Water Supply Study - Bowling Green, Missouri 
Storage Volume and Surface Area 


—O=— Storage Volume —O—Surface Area | 





Spillway Elevation = 773.6 feet 
Volume = 460 acre-feet 
Surface Area = 28.2 acres 


Water Surface on May 24, 2005 
Elevation = 773.6 feet 
Volume = 460 acre-feet 
Surface Area = 28.2 acres 
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Breckenridge Reservoir 
Water Supply Study — Breckenridge, Missouri 
Drought Assessment Analysis 


l. Overview 


Breckenridge Reservoir (figure 4.1) is located in northeastern Caldwell County, Missouri, less 
than one mile north of the City of Breckenridge. Breckenridge Reservoir is the primary source of 
water for the City of Breckenridge. The City of Breckenridge also sells finished water to Daviess 
County PWSD # 2, who, in turn, sells water to the City of Jameson. The Breckenridge Reservoir 
serves a population of approximately 1,242 with an estimated water demand of 0.059 million 
gallons per day according to the 2008 Census of Missouri Public Water Systems (maintained by 
the Public Drinking Water Branch, Missouri Department of Natural Resources). 


The City of Breckenridge draws water directly from the reservoir to the treatment facility, and the 
reservoir, itself, can be supplemented with water from one groundwater well owned by the city. 
Historical demand on the reservoir in 2000 and 2001 was reported to be 45,000 gallons per day. 
Since 2004, water demand is reported to be 59,000 gallons per day, which is the demand value 
used in this model. Breckenridge is not considered a major water user. As a result they have not 
been reporting their historical water use to Missouri Department of Natural Resources. The Safe 
Drinking Water Information System (SDWIS) database indicates they are currently using an 
average of 59,000 gallon per day. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage ina 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Breckenridge Reservoir. Although one groundwater well is 
available to supplement this water supply, the contribution of this well to available supplies was 
not considered within the context of this model. The model assumes that ‘Normal’ demand for 
Breckenridge is 59,000 gallons per day and that ‘Optimum’ yield from the lake is 52,000 gallons 
per day. Figure 4.3 illustrates these relationships. 


ll. Drought Assessment Summary 


The Breckenridge Reservoir is at risk of not meeting the community's demand for water during 
times of drought without additional sources of water. The 2004 demand on the reservoir was 
approximately 59,000 gallons per day, and when this demand value is applied to the reservoir 
during the drought of record in the 1950’s, water deficits would have occurred in August 1957 and 
between October 1957 through January 1958, and in April 1958. The estimated firm yield from 
Breckenridge Reservoir is 52,000 gallons per day without additional water sources. The 
groundwater well owned by the City of Breckenridge is capable of pumping up to 60 gallons per 
minute to supplement the reservoir’s storage capacity. 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 
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[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Breckenridge Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on April 5, 2004. Surface area of the lake and associated 
storage volume capacity are illustrated in figure 4.4. 


Breckenridge Lake Physical Data 





Breckenridge Reservoir 

(feet) (acres) (acre-feet) Additional Notes 
780 

an i el i 

784 

786 

788 

790 

792 

794 

796 

798 

soo | 8.3 | 9.6 

soz | 98 | 878 

806 Lake conditions April 5, 2004 
806.5 Spillway 

808 











809.4 17.7 190 Top of Dam 
[LIMITS] 
Maximum Storage wicuinye rewind aide aed eeu iagdias teens igen: 140 acre-feet 
MINIMUM StOLAGE ...........ceceeeeee cece eeeeeeeeeeee eee eeeeseceeaeeeeeeeeesecgeaeeeeeeeeeetenseaaeas 11.3 acre-feet 
Drainage DAaSIN SIZO oe. ec cctee cece eee eee eeaeee ee ee neta aeaeeeeeeeeetneaaeaeeeeeeeeentnel 416 acres 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 
Seepage from Breckenridge Lake is approximately 1.0 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 


earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 
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[RAINFALL] 


Average precipitation in Breckenridge was 37.5 inches between 1970 and 2000. Precipitation 
values for the drought of record were obtained from Chillicothe, Missouri (approximately 12 mile 
east-northeast of Breckenridge). The most severe drought occurred between 1953 and 1957 with 
annual precipitation values in Chillicothe of 20.07 inches, 33.55 inches, 28.27 inches, 27.88 
inches, and 42.38 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Jenkins Branch at Gower MO (USGS 06821000) stream gauge (a tributary of the Platte River), 
located approximately 35 miles west of Breckenridge. The drainage area monitored by this 
stream gauge covers approximately 2.72 square miles. When this regional runoff value is 
inconsistent with precipitation values recorded for Breckenridge, individual storm events were 
considered. Antecedent moisture was estimated for each storm event and adjustments to the 
Natural Resource Conservation Service’s (NRCS) runoff curve number were made to estimate 
runoff from each storm event (See Appendix A for additional information). 


[EVAP] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Breckenridge Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 
Water demand for Breckenridge was obtained from records maintained by the Public Drinking 
Water Branch, Missouri Department of Natural Resources. This value has been constant at 


59,000 gallons per day since 2004 and is the demand applied to the record of drought in this 
model. 
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BRECKENRIDGE LAKE 
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LOCATION MAP 
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MISSOURI | 800.0 | 83 | 696 | 
| 802.0 | 98 | 87.6 | 


Table 4.1 Lake elevations and respective 
surface areas and volumes. Top of spill- 
way structure is 806.5 feet and approximate 
top of dam is 809.4 feet. Elevations 
referenced to North American Vertical 
Datum 1988 (NAVD 88). 
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EXPLANATION 


—s00— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. 


ene —s io — WATER SURFACE—Shows elevation of water surface, April 5, 2004 (table 28). 
U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 


located on large rock at south end of gravel boat ramp. 
Elevation 806.8 feet. 


Figure 4.1 


ww 
<4, 
a Figure 4.1 Bathymetric map and table of areas/vglumes of the Breckenridge Lake near Breckenridge, Missouri. In cooperation with 


science for a changing world Missouri Department 
of Natural Resources 
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Breckenridge Lake 
Water Supply Study - Breckenridge, Missouri 
Storage Volume and Surface Area 
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Brookfield Reservoir 
Water Supply Study — Brookfield, Missouri 
Drought Assessment Analysis 


l. Overview 


Brookfield Reservoir is located about 1.3 miles east of the city of Brookfield in the center of Linn 
County (figure 5.1). The primary source of water supply for Brookfield is diverting from West 
Yellow Creek. The plan is to pump 1500 gallons per minute from the creek into holding ponds 
located in the West Yellow Creek flood plain. There are 3 of these ponds, each an estimated 10- 
feet deep with surface areas of 17 acres, 7 acres and 8.5 acres. These ponds are kept full 
because the creek often has no flow during dry weather. Brookfield Reservoir has a small 
drainage area of 650 acres, too small to supply the lake with enough runoff for an adequate water 
supply, which serves a population of 4888 inhabitants. To be assured of adequate supply during 
a drought the city pumps from West Yellow Creek into the lake. Two pumps, each with 1000 
gallons per minute (gpm) pumping capacity, are used to fill the lake. When the creek does not 
have enough flow to fill the holding ponds, the reservoir is used to fill the holding ponds at the rate 
of 1000 gallon per minute. The combined population served by the Brookfield reservoir system is 
approximately 4,888 with an average consumption of 0.675 million gallons per day according to 
the 2008 Census of Missouri Public Water Systems (maintained by the Public Drinking Water 
Branch, Missouri Department of Natural Resources). Figure 5.2 illustrates water use for each 
year. 


Determination of flows in West Yellow Creek that allow for pumping for this analysis were 
obtained from the Locust Creek stream gauge at Linneus for the 1950's. Average daily flows were 
reduced by the ratio of drainage areas. Seven cubic feet per second (cfs) for in-stream flow 
needs were allowed to pass downstream before pumping. The next 3.34-cfs was used to pump 
into the ponds, the next 4.45 cfs was pumped to the lake. This analysis is for the lake only and 
does not attempt to evaluate stream flow for West Yellow Creek. 


The lake intake is a floating intake. It connects to the raw water piping on a concrete pillar that is 
roughly 3 feet above the original bottom of the lake. This raw water line passes through the dam 
to the lake pumping station on the downstream side of the dam. The intake can draw water over a 
AO feet range. The spillway crest is a concrete ogee crest that is level and in good shape. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


This analysis consisted of four scenarios. The optimum RESOP analysis with the starting water 
elevation at the spillway elevation yielded an average of 0.230-million gallons per day (figure 5.3). 
For a conservative analysis the next three scenarios began with the water level three feet below 
the spillway. First an optimum analysis without water from West Yellow Creek yielding 0.207 
million gallons per day. Second was an optimum analysis with input from West Yellow Creek by 
using two 1000 gallons per minute pumps yielding 0.617 million gallons per day. Third included a 
variable demand on the lake to keep the holding ponds near full after filling the ponds from West 
Yellow Creek. Using water from the holding ponds and the lake allowed Brookfield’s average 
current demand of near 0.7 million gallons per day to be met with approximately 500 acre-feet of 
water remaining in the reservoir. 
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ll. Drought Assessment Summary 


The Brookfield Reservoir, by itself is not able to meet community’s demand for water during times 
of drought without additional sources of water. The demand from Brookfield Reservoir varies 
each month to maintain a full supply to meet city demand. Average annual demand between 
1988 and 2004 has varied between 0.6 and 0.7 million gallons per day. The 2002 demand can be 
met by using all their capabilities to supply water for their use. This analysis indicates there is no 
room for expansion of the system’s ability to supply water at the 2004 use of 0.675 million gallons 
per day. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Brookfield Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on July 13, 2000. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 5.4. 


Brookfield Reservoir Physical Data 






















































































Brookfield Reservoir 

Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

768 2.2 1.5 

770 6.6 10.5 

772 11.0 27.9 

774 16.5 55.2 

776 23.7 95.3 

778 29.8 149.0 

780 36.8 215.3 

782 43.1 295.6 

784 49.6 387.9 

786 57.1 494.6 

788 65.0 616.7 

790 72.9 754.4 

792 81.8 908.8 

794 90.1 1081.2 

795.8 97.1 1249.7 | Water Conditions on July 12, 2000 

796 98.0 1269.2 

797 102.6 1369.5 

798 107.4 1474.4 

800 117.4 1699.0 

802 125.6 1942.3 

803 130.7 2070.3 | Spillway 
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[LIMITS] 
MaXiIMUM StOraQGe .............ccceeneee cece ee eeecee cece eee e eet tena aaae ee eeeeeeeaaaaaeeeeeeeteeaae 2070 acre-feet 
MINIMUM -StOlAQeG eos so5.505- dass eed cecheedanstedicdazseedtidestecUiaguedsudeg dt Givethsedeuseectes 55 acre-feet 
Drainage BASIN SIZO o.oo... ee eee cece ee eeenee cece ee ee ee tnesaeaeeeeeeeeeeseesaaaaaeeeeeeeteeaaaaaes 650 acres 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Brookfield Reservoir is estimated to be approximately 3.5 inch per month when at 
or near full capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is 
bound by an earthen dam composed of compacted clay-rich materials - seepage through the dam 
is considered negligible. 


[RAINFALL] 
Precipitation values for the drought of record were obtained from Brookfield gauge. 


Average precipitation in Brookfield was 38.9 inches between 1950 and 2000. The most severe 
drought occurred between 1953 and 1957 with annual precipitation values of 27.56 inches, 38.71 
inches, 34.05 inches, 23.36 inches, and 48.20 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Locust 
Creek stream gauge at Linneus. The drainage area monitored by this stream gauge covers 
approximately 550 square miles. When this regional runoff value is inconsistent with precipitation 
values recorded for Brookfield, individual storm events were considered. Antecedent rainfall was 
estimated for each storm event and adjustments to the Natural Resource Conservation Service’s 
(NRCS) runoff curve number were made to estimate runoff from each storm event (see Appendix 
A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Brookfield Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


Water demand was obtained from records reported by the city to Missouri Department of Natural 
Resources “Major Water Users Data Base” (figure 5.2). 


Brookfield water demand has averaged between 0.6 and 0.7 mg day since 1988. Water demand 
from Brookfield Reservoir and West Yellow Creek are reported separately. Brookfield has been 
reporting approximately 25 percent of their water coming from West Yellow Creek and 75 percent 
from their reservoir. 
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To establish the monthly demand for the lake, an analysis of the holding ponds was made to 
determine the volume of additional water that would be required to meet Brookfield’s needs. 
Requirements varied each month. 


[OTHER] 


The volume of water pumped from West Yellow Creek to Brookfield Reservoir. Determination of 
the volume of water available for pumping was made using daily discharges at the Locust Creek 
stream gage at Linneus. The drainage area at Linneus is 550 square miles and the drainage area 
for West Yellow Creek at the point of pumping is 159 square miles. The daily discharge rates in 
West Yellow Creek were reduced by the ratio of drainage areas. Pumping was only planned for 
stream flows above 10.34 cfs, 7 cfs, for in-stream flow requirements plus 1500 gallons per 
minute, (3.34 cfs) for pumping to the ponds. 


To pump water to the reservoir a pumping rate of 2000 gallons per minute, (4.45 cfs), was 


planned after stream flow reached 14.79 cfs. No pumping was used when there was spillage from 
the reservoir. 
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—790— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 








——796—— WATER SURFACE—Shows approximate elevation of water surface, 
July 13, 2000 (actual elevation 795.8 feet, table 4). Datum is sea level. 


>) U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 
; located on northeast side of boat ramp. Elevation 804.3 feet. 
Figure 5.1 Datum is sea level. 
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BROOKFIELD LAKE 
Water Supply Study - Brookfield, Missouri 
RESOP Model Results 
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Water Supply Study - Brookfield, Missouri 
Storage Volume and Surface Area 
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Bucklin Reservoir 
Water Supply Study — Bucklin, Missouri 
Drought Assessment Analysis 


|. Overview 


Bucklin Lake (figure 6.1) is located at the eastern edge of Linn County approximately 5 
miles North and 2 Miles East of Marceline, or eight miles East of Brookfield. Bucklin Lake is 
on Van Dorsan Creek, a tributary to Mussel Fork Creek. The lake is located one-half mile 
south of Bucklin, in the center of section 11. Bucklin Lake is the primary source of water for 
the city. Because of the inability of the lake to store enough water during dry periods and 
because of the small drainage area it is necessary to pump from Mussel Fork Creek into the 
lake when flow in the creek is adequate. 


Bucklin Reservoir provides some water to Chariton-Linn County Public Water Supply 
District (PWSF) #3. The combined population served by Bucklin is approximately 524 with 
an average consumption of 0.085 million gallons per day according to the 2008 Census of 
Missouri Public Water Systems (maintained by the Public Drinking Water Branch, Missouri 
Department of Natural Resources). The drainage area to the lake is 300 acres. The volume 
of lake storage is approximately 156 acre-feet with a surface area of about 20 acres. 


This water supply study was performed using the Reservoir Operation Study Computer 
Program (RESOP) developed by the Natural Resource Conservation Service (NRCS) of the 
United States Department of Agriculture (USDA). The RESOP model assesses the 
remaining water storage in a lake or reservoir by summing volumetric gains and losses ona 
monthly basis for a given year. Factors that are taken into account in the model include 
reservoir volume, drainage area, precipitation, seepage, evaporation, and others. Please 
refer to Appendix A for a more thorough description of the RESOP model program. 


Two scenarios were modeled for Bucklin Reservoir. The model assumes that ‘Normal’ 

demand for Bucklin is 0.085 million gallons per day and that ‘Optimum’ yield from the lake 
is 0.046 million gallons per day. By using a 400 gallons per minute pump water is diverted 
from Mussel Fork Creek to the Bucklin Reservoir. Figure 6.3 illustrates these relationships. 


ll. Drought Assessment Summary 


This analysis shows that the lake, by itself, does not have enough storage volume to provide 
a continuous water supply to meet Bucklin’s needs. It is necessary to attempt to keep the 
lake full if they are to maintain a dependable water supply during dry periods. This study 
shows that without pumping from the creek, the lake would be completely empty during 1956 
and 1957. It is necessary to have the lake full going into these dry periods to provide water to 
their residents. Approximately 45 acre-feet of water would remain in the lake. 


To meet the normal demand of 0.085 million gallons per day without pumping from Mussel 
Fork Creek the lake would be empty for the years of 1956 and 1957. Optimized demand would 
yield only an average of 46,000 gallons per day. By pumping from Mussel Fork Creek the 
85,000 gallons per day could be met (figure 6.3). 


lll. RESOP model parameters 
Terms in brackets (and bold print) refer to ‘control words’ for the RESOP program. Each term 


represents one or more values that are used to calculate the modeled water balance for the 
given reservoir or lake. The descriptions that follow describe the methodology and protocol 
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for deriving these values. A detailed description of the variables addressed by each control 
word is provided in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Bucklin Lake 
conducted by the United States Geological Survey (USGS) under contract from the 


Missouri Department of Natural Resources on March 19, 2007. Surface area of the lake 
and associated storage volume capacity are illustrated in figure 6.4 


Bucklin Lake Physical Data 


















































Bucklin Lake 
Elevation Area Volume 

(feet) (acres) (acre-feet) 

830 2.0 1.7 

832 3.9 8.0 

834 6.6 18.0 

836 9.6 34.3 

838 12.1 56.1 

840 14.7 82.7 

842 17.8 115.6 

844 19.5 152.9 

844.2 19.8 156.8 Spillway and lake conditions on March 19, 2007 
[LIMITS] 
Ma€aXiIMUM StOrAQGe............ cece ce eee cee eee ee eee eeeeeetteeseetststteserseee ss 156.8 acre-feet 
MiniMUM StOraQGe....... 0... cee cece cee cece ee ee eeee tee tteteetttetttitttereeeeere 20 acre-feet 


Initial storage volume was equated to the lake volume at ‘maximum storage.’ 
The drainage area of Bucklin Lake is 300 acres. 
[GENERAL] 


The record period of drought is in the 1950's. The analysis began in January 1951 and 
ended December 1959. 


[SEEPAGE] 


Seepage from Bucklin Lake is estimated to be 2.5 inches per month when at or near 
full capacity and near 0.0 inches when the lake is near empty. The lake is bound by an 
earthen dam composed of compacted clay-rich materials-seepage through the dam is 
considered minimal. 


[RAINFALL] 
Rainfall data came from the Brookfield, Missouri rain gage. 


Average annual rainfall for the last 50 years is 38.8 inches at Brookfield. The most 
severe drought occurred between 1951 through 1959. Annual rainfall during the 
drought period 1953 through 1957 was 27.6, 38.7, 34.1, 23.4, and 48.2 inches. 
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Average annual rainfall for the last 50 years is 38.8 inches at Brookfield. The most 
severe drought occurred between 1951 through 1959. Annual rainfall during the 
drought period 1953 through 1957 was 27.6, 38.7, 34.1, 23.4, and 48.2 inches. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from Locust 
Creek gauge near Linneus. When this regional runoff value is inconsistent with precipitation 
values for Bucklin, daily precipitation rates were considered. Antecedent rainfall was used to 
estimate soil moisture for each storm event and adjustments to the Natural Resource 
Conservation Service’s (NRCS’s) runoff curve number were made to estimate runoff from 
each storm event (see appendix A for additional information). 


[EVAP|] 


Pan evaporation data from Lakeside gauging station (near the Lake of the Ozarks) was used 
to estimate water loss from Bucklin Lake due to evaporation. This data was supplemented 
and compared with evaporation stations at Spickard, New Franklin, and Columbia, Missouri, 
depending on which station had the most recent data. An adjustment factor of 0.76 was 
applied to convert from pan to lake evaporation values. 


[DEMAND] 


Water demand for Bucklin was obtained from Missouri water supply census of 2007. 
City records reported using 85,000 gallons per day in year 2007. 


[OTHER] 
Additional water added to Bucklin Lake by pumping from Mussel Fork Creek. 


Stream flow data for Locust Creek at Linneus was used as a basis to determine average daily 
stream discharge. Daily values were adjusted based on the drainage area ratio. To 
determine the rate of steam flow available for pumping, the 7-day Q-10 low flow discharge was 
used to determine the in-stream flow needs before pumping was possible. The 7-day Q-10 
low flow discharge was based on the Mussel Fork Creek gauge for the period 1963 through 
1989 when data was available. This discharge was determined to be less than 1 cubic foot 
per second, as a result 1 cubic feet per second was used. Assuming the pump is able to 
operate one half the time and flow in the creek exceeds 1.9 cubic feet per second the city 
could expect to meet their demand. The intake point is east of Bucklin where a 400 gallons per 
minute pump is installed. 


Drainage area of Mussel Fork at pumping location is approximately 62 square miles 
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feet acres)| (acre-ft Linn County 
830.0 BUCKLIN ' 





836.0 | 9.6] 34.3 | 
838.0 


4) 


Table 6.1 Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 844.2 feet. —840— BATHYMETRIC CONTOUR—Shows altitude of the lake 
Elevations referenced to North American bottom. Contour interval 2 feet. Contours tested 1.48 feet 
Vertical Datum 1988 (NAVD 88). vertical accuracy at 95 percent confidence level. 

Note: Volumes calculated from surface 

testing 1.28 feet vertical accuracy at 95 

percent confidence level. —344— WATER SURFACE—Shows approximate elevation of water 
surface (actual was 844.2 ft), March 19, 2007 (table 1). 








EXPLANATION 








U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
Chiseled line on southwest wall of spillway. 
Elevation 844.2 feet. 
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USGS map and table of areas/volumes of the Bucklin Lake near Bucklin, Missouri. In cooperation with 
Missouri Department 
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Bucklin Lake 
Water Supply Study - Bucklin, Missouri 
RESOP Model Results 
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Butler Reservoir 
Water Supply Study — Butler, Missouri 
Drought Assessment Analysis 


l. Overview 


Butler Reservoir is located on a tributary to Miami Creek (figure 7.1), about 3 miles WSW of Butler. 
The lake has a drainage area of 3.11 Square Miles. Butler is approximately 55 miles south of 
Kansas City in Bates County. Up to January 2002, Butler has used three raw water sources. 
These are Miami Creek, Butler Lake, and Marais Des Cygnes River. During the year 2002, Butler 
completed a new pumping plant on the Marais Des Cygnes River. This plant has two 2000 gallons 
per minute pumps. One will be kept in reserve. Miami Creek will be taken off the system, in part 
because of high concentrations of agricultural chemicals. Butler supplies water to Bates PWSD’s 
numbers 1, 3, 4 and 6. The combined population served by the Butler reservoir system is 
approximately 4,100 with an average consumption of 0.869 million gallons per day according to 
the 2008 Census of Missouri Public Water Systems (maintained by the Public Drinking Water 
Branch, Missouri Department of Natural Resources). Figure 7.2 illustrates Butler historic water 
use. 


The Marais Des Cygnes River diversion and the lake will be the sources of water supply for Butler. 
Pumping from the Marais Des Cygnes River is shut off when the atrazine chemical levels exceed 
drinking water standards, primarily during April through June. Marais Des Cygnes River water will 
be pumped into the Butler Lake for storing and will then be fed to the treatment plant by gravity 
flow at up to 1100 gallons per minute. The drainage area at the intake point on Marais Des Cygnes 
River is 3418 square miles. 


For this study, pumping was planned so that the lake level does not fall below 5 to 6 feet below the 
spillway in order to have a minimum reserve of 400 acre-feet. This study does not consider 
pumping from mid-March through mid-July of each year. Pumping over the last several years has 
been necessary 4 to 5 months a year. Upstream dams and water uses in Kansas are intensively 
allocated at other upstream locations for municipal needs, wetland augmentation and cooling for 
power generation plants. 


Upper limits of water available for use from the Marais Des Cygnes River, by Butler, on a monthly 
basis, was determined by use of a computer program, called STELLA. STELLA is a computer 
software tool for understanding dynamic systems of the natural hydrologic environment. 


As part of this study it was found to be beneficial to analyze base flow and runoff indexes. This 
was done for the State Line Gauge on the Marais Des Cygnes River. The USGS computer 
program "HYSEP" was used to make this determination. The sliding hydrograph separation 
method was used. It generates median values of fixed and local hydrograph separation methods. 
This analysis was made for the period of record from 1959 through 2000. The results of those runs 
reflect a trend that the base flow is increasing over the evaluation period (figure 7.5). Figure 7.6 
illustrates the annual volume of water that would be diverted from Marias Des Cygnes River during 
the evaluation period. 


ll. Drought Assessment Summary 


The Butler Reservoir, by itself, cannot meet the community’s demand for water without additional 
sources of water. Additional water is now diverted from Marais Des Cygnes River. Butler’s 2000 
demand was approximately 1.01 million gallons per day. Optimum demand from the reservoir, 
without additional input, is 0.27 million gallons per day. It would have been necessary to divert 
water from Marais Des Cygnes River a total of 43 percent of the total months of the evaluation 
period to maintain a minimum of 400 acre feet in the reservoir (figure 7.3). 
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Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided in 
Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Butler Lake conducted 
by the United States Geological Survey (USGS) under contract from the Missouri Department of 


Natural Resources on April 18, 2001. Surface area of the lake and associated storage volume 
capacity is illustrated in figure 7.4. 


Butler Reservoir Physical Data 
















































































Butler Reservoir 
Elevation Area Volume 
(feet) (Acres) (acre-feet) Additional Notes 
770 0.74 0.57 
772 2.18 3.42 
774 3.63 9.26 
776 6.67 19.10 
778 12.66 37.68 
780 18.75 69.11 
782 27.70 112.18 
784 31.33 168.24 
786 37.82 237.08 
788 44.43 319.21 
790 54.24 417.02 
792 63.17 535.91 
794 69.88 668.82 
794.3 71.74 689.95 _| Lake Conditions April 18, 2001 
795.1 74.80 748.60 | Spillway 
796 77.99 817.32 
798 85.22 980.40 
800 96.48 1159.77 | Top of Dam 
[LIMITS] 
MaXiIMUM StOrage....... 0... ceeeee cette eee eee eeeeee eee eeeteeeteetetttstiseesseesesss 148,56 acre-feet. 
Minimum Pool Storage.............:c cee cee cee ee ee eee ee eee eee ee eee eee eee eea eee eee eee eaeetaes 15 acre-feet. 
Drainage BaSin SIZC......... 0... cee cece ee eee tees e ee steee see tttttietssstseeessd-L1 Square miles. 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 
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[SEEPAGE] 


Seepage from Butler Reservoir is estimated to be approximately 3.5 inch per month when at or 
near full capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by 
an earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 
Precipitation values for the drought of record were obtained from Butler, Missouri 


Average annual precipitation in Butler was 41.60 inches between 1961 and 2000. The most severe 
drought occurred between 1952 and 1957 with annual precipitation values in Butler of 28.86 
inches, 27.14 inches, 36.02 inches, 40.68 inches, 24.40 inches and 39.57 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Little 
Blue River stream gauge near Lake City, North of Butler. Another regional stream gauge for Cedar 
Creek near pleasant View, Missouri was used for comparison. Results compared favorably. Based 
on topography, vegetation and soils Little Blue River gauge was chosen to represent Butler 
Reservoir runoff. When regional runoff value is inconsistent with precipitation values recorded for 
Butler, individual storm events were considered. Antecedent moisture was estimated for each 
storm event and adjustments to the Natural Resource Conservation Service’s (NRCS) runoff curve 
number were made to estimate runoff from each storm event (See Appendix A for additional 
information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were used 
to estimate water loss from Butler Reservoir due to evaporation. An adjustment factor of 0.76 was 
applied to convert from pan to lake evaporation. 


[DEMAND] 
The demand used for Butler Reservoir analysis was 1.01 million gallons per day. 


City records reported to Missouri Department of Natural Resources ‘Major water users data base’ 
were used to determined demand (figure 5.2). In year 2000 Butler reported using 1.01 million 
gallons per day of water. 


[OTHER] 


When water level dropped to 5 feet below the spillway level, water was diverted to the lake from 
Marais Des Cygnes River. 


Determination of the volume of water available for pumping was made using monthly discharge 
volumes determined by the Computer program, STELLA. The STELLA analysis was based on the 
stream gauge data at Trading Post Gauge (drainage area 3230 square miles) and factored up 
based on drainage area. Pumping is timed so that water level does not go below 5 to 6 feet below 
spillway at approximately 400 acre-feet at elevation 789.7 feet. Pumping in each month is either 
0% of the time, 1/2 time, 3/4 time or full time 
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| L =e | 774.0 
S | 776.0| 6.7 | 19.1 
& 0 50 100 150 200 METERS 778.0 37.7 
780.0 69.1 
782.0 112.2 
784.0 168.2 
| -786.0| 37.8] 237.1 
790.0 417.0 
— 800— BATHYMETRIC CONTOUR—Shows altitude of the reservoir 792.0 535.9 
bottom. Contour interval 2 feet. Datum is sea level. 794.0 668.8 
— 794— WATER SURFACE—Shows approximate elevation of water 794.3 689.9 
surface, April 18, 2001 (actual is 794.3 feet, table 16). 795.1 748.6 
b Datum is sea level. 796.0 817.3 
798.0 980.4 
w U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled 800.0 1,159.8 
square located on southwest corner of spillway. Elevation 800.1 
feet. Datum is sea level. Lake elevations and respective 


areas and volumes. Spillway elevation is 
795.1 feet. Top of dam is approximately 
800 feet. Datum is sea level. 


Figure 7.1 
S eer 
as Bathymetric map and table of areas/volumes of Butler Lake near Butler, Missouri. 
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Butler Reservoir 
Water Supply Study - Butler, Missouri 
Water Use 
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Butler Reservoir 
Water Supply Study - Butler, Missouri 
Resop Model Results 





—— Storage Volume (Normal Demand with Diversion) ===Storage Volume (Optimum Demand without Diversion) 


Storage Volume (acre-ft) 


Normal Demand with Diversion = 1.01 mgd 
Optimum Demand without Diversion = 0.27 mgd 
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Figure 7.3 
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Butler Reservoir 


Water Supply Study - Butler, Missouri 
Storage Volume and Surface Area 
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Marais Des Cygnes River 


Water Supply Study - Butler, Missouri 
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Butler Reservoir 
Water Supply Study - Butler, Missouri 
Percent of Marias Des Cygnes River flow diverted to Butler Reservoir 


Percent Diverted 
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Grindstone Reservoir (GLM-A2) and Three City Lakes 


Water Supply Study — Cameron, Missouri 
2013 Drought Assessment Analysis 


Purpose 


The City of Cameron, located in the northeast corner of Clinton County in northwest Missouri, submitted a 
request to the Missouri Department of Natural Resources to re-evaluate the city’s water supply system. 
Northwest Missouri is highly susceptible to drought and the city has faced multiple water shortages during 
the last two decades. The system was originally evaluated by the department in 2003 as part of the 
“Missouri Water Supply Study’. Since then, the report has been periodically updated to reflect changes in 
water supply demand. This study looks at not only demand but also changes in reservoir capacity due to 
sedimentation. The results of this study will be used by the city to evaluate the need for and size of an 
additional water supply source. 


I. Overview 


The city’s water supply system includes Reservoir #1,#2,#3, and Grindstone (GLM-A2). Reservoir #1 and 
#2 are located upstream of Reservoir #3 (Figure 8.1). The upstream reservoirs were built in the first half 
of the 20" century for water supply, but now serve primarily as sediment control structures for Reservoir 
#3. Reservoir #1 has 103 acre-feet of storage while Reservoir #2 has 320 acre-feet of storage. Reservoir 
#3 was constructed in 1961 and has 938 acre-feet of storage. Water is pumped from Reservoir #3 to the 
water treatment plant. Combined, the three reservoirs do not have the capacity to meet the water supply 
demands of the city. A fourth source of water, Grindstone Reservoir, was added to the system in 1992. At 
the time of construction, a consulting engineering firm determined the water supply need from Grindstone 
to be 0.75 million gallons per day (mgd). The average daily demand increased throughout the 1990s and 
in 2005 the optimum demand from Grindstone was increased to 0.96 mgd by raising the elevation of the 
principle spillway. 


Grindstone Reservoir is part of a comprehensive watershed plan for Grindstone-Lost-Muddy Creek 
watershed. The reservoir was constructed in cooperation between Cameron and the United States 
Department of Agriculture’s Natural Resource Conservation Service (NRCS) through the small watershed 
program (PL-566). Grindstone Reservoir was designed with 569 acre-feet of sediment storage and 1,300 
acre-feet of municipal water supply. In 2005 the principle spillway was raised three feet, increasing the 
design municipal water supply storage to 1,850 acre-feet. In addition to municipal water supply, 
Grindstone Reservoir also provides floodwater retardation. A 2,000 gallon-per-minute pump transfers 
water from Grindstone to Reservoir #3 for treatment. Pumping rates from Grindstone vary and are based 
on the amount of available freeboard in Reservoir #3. 


The city’s municipal water supply system serves the citizens of Cameron, Clinton PWSD #3, Caldwell 
PWSD #2, and two state correctional centers. Since 1998 average raw water use demand has averaged 
between 1.4 and 1.6 mgd (Figure 8.2). Between 2005 and 2012 the water treatment plant reported having 
maximum daily demands from 1.8 to 2.1 mgd. The system was evaluated given a demand of 1.5 mgd. It 
was determined that the city’s water supply system does not have the ability to sustain the drought of 
record, which occurred in the 1950s. 























Year Annual Raw Water Use Raw Water Average Demand Raw Water Max Demand 
million gallons mgd mgd 

2005 541.40 1.48 2.04 

2006 537.63 1.47 2.05 

2007 567.45 1.55 2.11 

2008 533.04 1.46 1.83 

2009 516.74 1.41 2.11 

2010 511.74 1.40 1.82 
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2011 514.54 1.41 1.85 
2012 520.92 1.43 2.07 

















This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the NRCS of the United States Department of Agriculture. The RESOP model 
assesses the remaining water storage in a lake or reservoir by summing volumetric gains and losses ona 
monthly basis for a given year. Factors taken into account in the model include reservoir volume, 
drainage area, precipitation, seepage, evaporation, and others. Refer to Appendix A for a more thorough 
description of the RESOP model program 


ll. Reservoir Capacity 


In addition to reviewing current water use demands, the city also requested a bathymetric survey of each 
reservoir to confirm municipal water supply storage capacity. A bathymetric survey of each reservoir was 
completed in July 2013 by the U.S. Geological Survey (Figures 8.3.a-d). The survey was conducted using 
a high-resolution multibeam mapping system (MBMS) and the data was processed with CARIS HIPS and 
SIPS software. The maximum vertical extent of each survey was the elevation of the water surface on the 
date of the survey. If the elevation of the water surface on the date of the survey was below the elevation 
of the weir, the volume and surface area for the reservoir were extrapolated from aerial Light Detection 
and Ranging (LiDAR) collected in 2010 as part of the Upper Grand River LiDAR Project. 


Due to the natural geomorphic processes of erosion, sediment transport, and deposition, reservoir water 
storage capacity will decrease with time. The rate of sedimentation in a reservoir is dependent on the 
characteristics of the watershed and hydrologic events that take place over the life of the reservoir. Prior 
to the 2013 survey, volume and surface area data for Grindstone reservoir were derived from the 1991 
as-built plans. Data for Reservoir #1, #2, and #3 were derived from 1996 NRCS bathymetric surveys of 
the three reservoirs. 


For Grindstone reservoir, a yearly sedimentation rate was determined by evaluating the difference 
between the municipal water supply capacity of the 1991 as-builts and the 2013 survey at the elevation of 
the principal spillway. In 2005, the principal spillway was raised three feet to 900.1 feet, increasing the 
reservoir’s storage capacity to 2,423 acre-feet. Currently, reservoir storage capacity at the principle 
spillway is 2019 acre-feet, a decrease of 404 acre-feet with an approximate sedimentation rate of 
0.7percent per year. Due to the size of Reservoir #1, #2, and #3 and the errors associated with each 
surveying technique, it was not feasible to calculate sedimentation rates for these reservoirs. 


lll. Drought Assessment Summary 


Reservoir #3 supplies water directly to the treatment plant. Reservoir #1 and #2 supply water to Reservoir 
#3 via overflow during high rainfall periods. Water is transferred from Grindstone to Reservoir #3 by 
pump. The system was evaluated at a demand of 1.5 mgd. The most severe part of the drought of record 
began in 1956 and continued into 1957. 


Reservoir #1 and #2 have an optimum demand of 0.06 (Figure 8.4.a) and 0.13 mgd (Figure 8.4.b), 
respectively. The primary function of these reservoirs is sediment control, therefore the demand for both 
reservoirs was set to zero and spillage from Reservoir #1 and #2 were added to Reservoir #3. Optimum 
demand for Reservoir #3 alone, with only spillage from Reservoir #1 and Reservoir #2 is 0.32 mgd 
(Figure 8.4.c). Grindstone Reservoir has an optimum demand of 0.85 mgd (Figure 8.4.d). As sediment 
continues to accumulate in the municipal water supply pool, the optimum demand for the reservoir will 
decrease. 


To reflect normal operating procedures and simplify the model, the demand on Grindstone Reservoir was 
determined as the volume of water needed to return Reservoir #3 to maximum storage on a monthly 
basis (Figure 8.4.e). Using the “pump to maximum storage” method, the water surface elevation in 
Grindstone Reservoir drops below the minimum storage volume in 1954 and again in 1957. In 1954, the 
normal demand may be met by allowing the volume of water in Reservoir #3 to drop below full capacity. 
In 1957, both Grindstone and Reservoir #3 are completely depleted and the normal demand cannot be 
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met. Optimum demand from Reservoir #3, including spillage from Reservoir #1 and #2 and monthly 
optimum pumping from Grindstone, is 1.18 mgd (Figure 8.4.f). 


IV. RESOP Model Parameters 


Terms in brackets (and bold text) refer to “control words” for the RESOP program. Each term represents 
one or more values used to calculate the modeled water balance for the given reservoir or lake. The 
descriptions that follow describe the methodology and protocol for deriving these values. A detailed 
description of the variables addressed by each control word is provided in Appendix A. 


[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of each reservoir completed by 
the U.S. Geological Survey in July 2013 and aerial LIDAR data collected as part of the Upper Grand River 
LiDAR Project in 2010 (Figures 8.5.a-d) 


Cameron Reservoirs Physical Data 


938.1 16.6 103.1 934.0 
936.0 
938.0 
940.0 
942.0 
943.3 
943.9 


Weir elevation = 938.1 feet Weir elevation = 943.9 feet 


Reservoir #1 Reservoir #2 
Elevation Area Volume Elevation Area Volume 
(feet) (acres) | (acre-feet) (feet) (acre-feet) 
926.0 0.0 0.0 o}| 00] 
928.0 0.7 0.1 920.0 
930.0 6.4 7.4 922.0 
932.0 9.6 23.7 924.0 
934.0 12.0 45.3 926.0 
936.0 14.0 71.3 928.0 
937.9 16.4 99.8 930.0 
938.0 16.5 101.4 932.0 


We) 
b 
00 
oO 





Reservoir #3 Grindstone Reservoir 






Elevation Area Volume | Elevation Area Volume 
(feet) (acres) | (acre-feet) (feet) (acre-feet) 
0.0 0.0 
0.2 0.1 
8 


34 | 2.7 | 882.0 





13.8 | 


| 3a] 27] aszo] a6] 13.8 | 
| 894.0 | 10.8 | 15.2 | 884.0 41.3 58.0 | 


| 892.0 
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Weir elevation = 911.0 feet Weir elevation = 900.1 feet 





[LIMITS] 

Reservoir #1 

Maximum'storage -isescdees bie. iepiescededacd.iddeariceenstdescghevadetalatadedberanies thas bedieraciaeat 103 acre-feet 
Minimumistorage:  “-ckssdidevsssdthedessacachsind Adeusvd ite ca staceedescacanevand adavssaacrassid eedasacateeeusess 8 acre-feet 
Drainage: basin'SiIze’. -kskiiap sates hedvevalecpeaid ddgeesdidtvvstaaiepessactevasd ddeeerdctansstaeepeese 1.65 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


Reservoir #2 


MaximumStorage:  viveesedveeeeieeeeveeceee ee avbeesbeeetis eave cctbeericcoeeevensibeneseeeveesccttels 320 acre-feet 
Minimumstorage. ised eee evelie eee niee ae ce eee anree vince veeseteete sees acedveeets 60 acre-feet 
Drainage DaSiIN SIZG eee eeeeeeeeeseceeeesseceeeeseeceeeeseeeeeeeaneeeeessaeeneesaaeeeeeseseneeseesenteas 1.80 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


Reservoir #3 


Maximum'Storage: vesveseeeeeesieeevvacersee tice cee veesteeetcceeveeacerbeevicceceveeeerteeeseceeveesccrbes 938 acre-feet 
MIMIMUMStOFAGS, eeegeseaveeceeceeevenceeveeslecedvecceetveceecscevecccrbenvieceeveedeerbeetsecs cea gentee 163 acre-feet 
Draimage-DasinSiZe: —visseneavdesecceceecdaceveechacecveeeccebvedacceceeccccntveveeceevesacentvbvecceevees 1.73 square miles 
Total drainage basin SIZC «22.2... cece ee cece e ee eee eee ee eee cnet ee eeeneseseeeneneaeeesenenaes 5.18 square miles 


Grindstone Reservoir 


Maximum :StOrage::  — thetvarielaventustelelodeterdesvebeiesnsededunlestetelaledeelestebety czretedevivedets lates 2019 acre-feet 
MinImUuUMStOrage.: eked. teecetanienteselacetantucdenettodeecatacdgenetelayetetius teva tieretandteteyeremses 441 acre-feet 
Drainage: basin SiIZ@:  sketestesetacizntetelygeceducdaneve-dietetaestetetelyeseticstaeetarietetciviee 20.91 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950s. The analysis period used in this model is January 
1951 through December 1959. 


[SEEPAGE] 
Seepage from Grindstone Reservoir is approximately 1.1 inch per month when at or near full capacity 
and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an earthen dam 


composed of compacted clay-rich materials - seepage through the dam is considered negligible. 
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Seepage from Reservoir #3 is estimated to be 1.0 inches per month when at or near full capacity and 
approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an earthen dam 
composed of compacted clay-rich materials - seepage through the dam is considered negligible 


Seepage from Reservoir #1 and #2 was considered to be 0.0 inches per month because all seepage 
would drain to Reservoir #3 and would not be lost to the system. 


[RAINFALL] 


Rainfall data was not continuous at nearby gages. As a result the Gallatin gage was used for the period 
1951 through 1954 and the Hamilton gage was used from 1954 through 1959. 


Average precipitation in Hamilton was 37.1 inches between 1954 and 2001. The most severe drought 
occurred between 1953 and 1957 with annual precipitation values in Hamilton of 21.81 inches, 37.26 
inches, 28.21 inches, 21.99 inches, and 30.43 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the East Fork 
Big Creek stream gauge located at Bethany, Missouri, approximately 35 miles north of Cameron. The 
drainage area monitored by this stream gauge covers approximately 95 square miles. When this 
regional runoff value is inconsistent with precipitation values recorded for Cameron, individual storm 
events were considered. Antecedent rainfall was estimated for each storm event and adjustments to 
the NRCS runoff curve number were made to estimate runoff from each storm event (see Appendix A 
for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were used to 
estimate water loss from each of Cameron’s reservoirs due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard and New Franklin, 
Missouri depending on which station had the most recent data. An adjustment factor of 0.76 was 
applied to convert from pan to lake evaporation. 


[DEMAND] 


This analysis completed using a demand 1.5 mgd. Cameron’s water treatment plant provided Missouri 
Department of Natural Resources Water Resources Center with water use data from 2005-2012. Data 
prior to 2005 was obtained from the department's “Major Water Users Data Base’. 


[OTHER] 


Other is the gain or loss from sources other than the above listed control words. Grindstone Reservoir 
had no gains or losses to include. Reservoir #3 required releases from Reservoir #1 and #2 be added 
as well as the inflow pumped from Grindstone. Because of limitations of the RESOP program, as 
written, spillage from Reservoir #1 is included as inflow into Reservoir #2 with Reservoir #2 spilling into 
Reservoir #3. Due to the small size of the Reservoir #1 and #2, the error associated with this 
assumption is negligible. Water pumped from Grindstone is added to Reservoir #3 with the control word 
“Other”. 
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EXPLANATION 


~~ Water surface—Shows approximate 
mean water-surface elevation from 
Light Detection and Ranging (lidar) 
coverage (937.9 feet), which is 
approximately the same as the 





Elevation of the lake bottom, —_| Missouri, on July2,2013. ~— Bathymetric index contour, 930 feet— 
in feet above North American | [The hela shred ee kt ie sae we ae Shows elevation of lake bottom. 
Vertical Datum of 1988. fll whneeveciidied Com taiwacti-ates Elevation referenced to North American 

937.9 with mean total propagated uncertainty of 0.49 feet] Vertical Datum of 1988. 
936.0 Elevation, Area, —_ Capacity, —— Bathymetric contour—Shows elevation 
934.0 in feet inacres in acre-feet of lake bottom. Contour interval 2 feet. 
926.0 0.00 0.00 Elevations referenced to North 
932.0 928.0 0.65 0.10 American Vertical Datum of 1988. 
930.0 930.0 6.40 7.44 RI 
932.0 9.55 23.7 @ U.S. Geological Survey reference 
928.0 934.0 12.0 453 marker and identifier—R1 is a 
926.0 936.0 14.0 N3 chiseled square on southwest end 
9243 937.9 16.4 99.8 of northwest spillway wall; elevation 





947.72 feet. 


Figure 8.3.a 
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~~ Water surface—Shows approximate 


—— Bathymetric contour—Shows elevation of lake bottom. 
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EXPLANATION 


Elevation of the lake bottom, 
in feet above North American 
Vertical Datum of 1988. 


943.3 
942.0 


940.0 
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934.0 
932.0 
930.0 
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EXPLANATION 


mean water-surface elevation from Light 
Detection and Ranging (lidar) coverage 
(943.3 feet), which is approximately the same as 


the date of survey on July 1, 2013 (943.8 feet) (table 5). 


Elevations referenced to North American Vertical 
Datum of 1988. 


Bathymetric index contour—Shows elevation of lake 
bottom. Contour interval 10 feet. Elevations referenced 


to North American Vertical Datum of 1988. 
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Contour interval 2 feet. Elevations referenced to North 


American Vertical Datum of 1988. 


@ U.S. Geological Survey reference marker and identifier— 


R2 is a chiseled arrow near the middle of the southwest 


spillway wall; elevation 948.20 feet. 


Figure 8.3.b 
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Table 5. Area and capacity at 
specified elevations for Reservoir 2 
near Cameron, Missouri, on July 1, 


2013. 


[The average water-surface elevation during the 
survey was 943.8 feet above the North American 
Vertical Datum of 1988; volumes calculated from 
bathymetric surface with mean total propagated 
uncertainty of 0.51 feet] 


Elevation, 


in feet 
918.0 
920.0 
922.0 
924.0 


39°45'30" 928.0 


Area, 
in acres 


0.01 
1.14 
2.32 
3.99 
5.33 
7.10 
9.22 
12.0 
14.4 
17.3 
20.9 
23.9 
28.0 
31.0 


Capacity, 
in acre-feet 
0.00 
1.15 
4.50 
10.9 
20.2 
32.5 
48.8 
70.2 
96.6 
128 
167 
211 
263 
301 
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Elevation of the lake bottom, 
in feet above North American 
Vertical Datum of 1988. 


910.6 


908.0 
906.0 
904.0 
902.0 
: 900.0 
39°46'20° 898.0 
896.0 
894.0 
892.0 


890.0 
888.4 





0 200 400 600 FEET 
ereerrenresrenreene bee ueatel 
0 50 100 150 METERS 


Table 6. Area and capacity at specified 
elevations for Reservoir 3 near Cameron, 
Missouri, on July 1, 2013. 

[The average water-surface elevation during the survey 
was 910.6 feet above the North American Vertical Datum 
of 1988; volumes calculated from bathymetric surface 
with mean total propagated uncertainty of 0.50 feet) 


Elevation, Area, Capacity, 
in feet in acres in acre-feet 
888.0 0.00 0.00 EXPLANATION 
890.0 0.16 0.06 ——— Water surface—Shows approximate mean water-surface 
892.0 3.06 2.70 elevation on the date of survey on July 1, 2013 (910.6 feet). 
Elevation referenced to North American Vertical Datum 
of 1988. 









39°46" 


Bathymetric index contour—Shows elevation of lake bottom. 
Contour interval 10 feet. Elevations referenced to North 
American Vertical Datum of 1988. Elevation 910 not shown, 
as itis essentially the same as water-surface elevation. 

———- 890) 
———— S00 











Bathymetric contour—Shows elevation of lake bottom. Contour 
interval 2 feet. Elevations referenced to North American Vertical 
Datum of 1988. 






ad U.S. Geological Survey reference marker and identifier— 
- R3-1 is a chiseled arrow near middle of northeast spillway wall; 
elevation 918.42 feet. 
R3-2 is a chiseled arrow on west wingwall of pump house; 
elevation 913.67 feet. 


R3. 


3 
& 


Figure 8.3.c 
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EXPLANATION 


Elevation of the lake bottom, 
in feet above North American 
Vertical Datum of 1988. 


899.8 
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882.0 
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Table 7. Area and capacity at specified elevations 
for Grindstone Reservoir near Cameron, Missouri, 
on July 2, 2013. 

[The average water-surface elevation during the survey was 
900.4 feet above the North American Vertical Datum of 1988; 
volumes calculated from bathymetric surface with mean total 
propagated uncertainty of 0.51 feet] 


Elevation, Area, Capacity, 
in feet inacres in acre-feet 
878.0 1.38 1.10 
880.0 2.66 5.01 
882.0 8.61 13.8 
884.0 41.3 58.0 
886.0 74.0 175 
888.0 90.8 342 
390.0 107 540 
892.0 119 768 
894.0 134 1,020 
896.5 155 1,310 
$98.0 175 1,640 
899.8 188 1,860 
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EXPLANATION 


~~ Water surface—Shows approximate mean water-surface 
elevation from Light Detection and Ranging (lidar) coverage 
(899.8 feet), which is approximately the same as the date of 
survey on July 2, 2013 (900.4 feet) (table 7). Elevations 
referenced to North American Vertical Datum of 1988. 









Bathymetric index contour—Shows elevation of lake bottom. 
Contour interval 10 feet. Elevations referenced to North 
American Vertical Datum of 1988. 

—— 880 
——~ 890 











—— Bathymetric contour—Shows elevation of lake bottom. Contour } 
interval 2 feet. Elevations referenced to North American | wr 
Vertical Datum of 1988. 4 


Gs1 GS1 is a chiseled arrow on top of northwest end of center web 
wall of spillway; elevation 911.09 feet. 
GS2 is a chiseled square on southeast corner of front step of 
pump house; elevation 922.18 feet. 
GS3 is a chiseled arrow near south end of east curb on boat 
ramp; elevation 903.46 feet. 


@ U.S. Geological Survey reference marker and identifier— 39°46" Ny ageae 
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Figure 8.3.d 
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RESOP Model Results 
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Cameron Lake #2 
Water Supply Study 
RESOP Model Results 
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Reservoir #3 
Water Supply Study - Cameron, Missouri 
RESOP Model Results 





—— Storage Volume (Optimum Demand with only spillage from Lakes #1 & #2) —— Minimum Storage Volume 












Optimum Demand = 0.32 mgd 
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Figure 8.4.c 
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Grindstone Reservoir 
Water Supply Study - Cameron, Missouri 
RESOP Model Results 
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Grindstone Pump to Reservoir #3 
Water Supply Study - Cameron, Missouri 
RESOP Model Results 
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Reservoir #3 with spills from 1 and 2 and Optimum Pumping from 


Grindstone 
Water Supply Study - Cameron, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand) —— Storage Volume (Optimum Demand) —— Minimum Storage Volume 




















Storage Volume (acre-ft) 














a 
EEE | a a 
1951 1952 1953 1954 1955 1956 1957 1958 1959 
Year Figure 8.4.f 


100 


Missouri Department of Natural Resources 


Water Resources Center 


December 2013 


Missouri Water Supply Study 


Reservoir Number 1 
Water Supply Study - Cameron, Missouri 


Storage Volume and Surface Area 
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Figure 8.5.a 
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Elevation (ft) 


Reservoir Number 2 
Water Supply Study - Cameron, Missouri 
Storage Volume and Surface Area 
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Spillway Elevation = 943.9 feet 
Volume = 320 acre-feet 
Surface Area = 32 acres 
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Reservoir #3 
Water Supply Study - Cameron, Missouri 


Storage Volume - and Surface Area 
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Grindstone Reservoir (GLM-A2) 
Water Supply Study - Cameron, Missouri 
Storage Volume and Surface Area 
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E.A. Pape Reservoir 
Water Supply Study — Concordia, Missouri 
Drought Assessment Analysis 


l. Overview 


E. A. Pape Lake is located on a tributary to Blackwater River approximately three miles south of 
Concordia (Figure 9.1). Concordia is located in the southeast corner of Lafayette County 
Missouri. The reservoir is the primary source of water for Concordia. The combined population 
served by the Concordia reservoir system is approximately 2,360 with an average consumption of 
0.650 million gallons per day according to the 2008 Census of Missouri Public Water Systems 
(maintained by the Public Drinking Water Branch, Missouri Department of Natural Resources). 


The trend for water use has shown to be nearly constant between 1988 and 2001, however 
individual years have fluctuated with a high of 0.63 million gallons per day in 1993 and a low of 
0.41 in 1990 and 1996. Water use is reported annually and is maintained in the “Major Water 
Users Data base” by the Missouri Department of Natural Resources. 2001 total demand of 
180,424,873 gallons provides for an average daily demand of 0.494 million gallons per day. 
Annual water use is illustrated by Figure 9.2. 


A request was made to analyze the effects on the reservoir’s water storage if the demand were 
increased to 1.33 million gallons per day. To do that it was necessary to add water from an 
outside source. Diversion from the Blackwater River into the lake during periods of extended 
drought was studied to meet this demand. Drainage area at the pump station is approximately 
590 square miles and is located approximately 2.1 miles south of E.A. Pape Reservoir. To 
demonstrate and evaluate the needs for pumping over an extended period, the evaluation period 
was extended from 1951 through 2000. The following considerations were applied when 
increasing the yield to 1.33 million gallons per day. Pumping, when storage in the lake falls below 
2000 acre-feet (elevation 706.3 feet), is necessary to provide an optimum supply during a drought 
such as that in the 1950’s. During the 1950’s 4450 acre-feet was needed to maintain a supply for 
Concordia, many years required no additional water by pumping. Two stream gages on the river 
were in existence during all or part of the period analyzed. One gage located upstream of the 
intake at Valley City existed from 1958 to 1973. The drainage area at this gage was 547 square 
miles. The downstream gage is at Blue Lick and has a drainage area of 1120 square miles. Data 
has been gathered at this gage since 1923 and is currently being maintained. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Four analyses were conducted during the study. They are: 
1. Remaining storage in the reservoir with a demand of 0.494 million gallons per day. 
2. Remaining storage for optimum yield resulting in demand of 0.839 million gallons per 
day. 
3. Remaining storage in the reservoir for demand of 1.33 million gallons per day. 
4. Remaining storage in the reservoir after pumping from Blackwater River. 
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ll. Drought assessment summary 


E.A. Pape reservoir meets Concordia’s 2001 demand of 0.494 million gallons per day with 1056 
acre-feet remaining in the reservoir at the end of August 1957. With the lowest useable water at 
100 acre-feet the reservoir is able to provide an optimum yield 0.839-million gallons per day. 


E.A. Pape reservoir will not meet 1.33 million gallons per day without additional water being 
added. With maximum pumping of 1000 gallons per minute (gpm) when there is sufficient flow in 
the river, the demand of 1.33 million gom can be met with an estimated 430 acre-feet of water 
storage remaining in the reservoir. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of E.A. Pape Reservoir 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on June 26, 2002. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 9.4. 


E.A. Pape Lake Physical Data 







































































E.A. Pape Reservoir 
Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

684.0 0.4 0.2 

686.0 4.7 3.3 

688.0 19.7 26.2 

690.0 32.7 78.2 

692.0 50.9 161.9 

694.0 70.7 281.9 

696.0 89.2 439.3 

698.0 111.0 639.1 

700.0 135.0 886.8 

702.0 156.0 1178.2 

704.0 179.1 1512.6 

706.0 205.3 1896.7 

708.0 238.2 2337.2 

709.3 261.6 2660.1 Lake conditions June 26, 2002 

709.6 269.2 2740.2 Spillway 
[LIMITS] 
Ma€aXiIMUM StOrAGe....... 6... ce cece ecee eects cee eeeeee tee eeesee tet ttisestttttititetsessser ss: 2140 acre-feet. 
MINIMUM: StOrage is v.g:cceiee ies deed aes felede aed geen sab aed oiventvs iden. sot canes 100 acre-feet. 
Drainage basin SIZC............. cece cece cece eee eee cee eects cee eae ee ene ee eee ea eaeeee 8.48 square miles 


Initial storage volume was equated to the reservoir at maximum capacity. 
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[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 2000. 


[SEEPAGE] 


Seepage from E.A. Pape Lake is approximately 2.0 inches per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 


Precipitation for Concordia was obtained from Lexington, Missouri and supplemented with values 
from Warrensburg. Average precipitation for the period 1970 through 2000 was 37.2 inches. The 
record period of drought occurred between 1953 and 1957 with annual precipitation values in 
Lexington 24.1, 33.6, 39.4, 25.59, 27.88 inches, and 47.1 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Blackwater River stream gauge at Blue Lick for the period 1951 through 1954 and 1970 through 
2000, South Fork Blackwater River near Elm for 1954 to 1979. 


When this regional runoff value is inconsistent with precipitation values recorded for Lexington, 
individual storm events were considered. Antecedent rainfall was determined for each storm 
event and adjustments to the Natural Resource Conservation Service’s (NRCS) runoff curve 
number were made to estimate runoff from each storm event (See Appendix A for additional 
information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from E.A. Pape Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at New Franklin, or Columbia, 
Missouri, depending on which station had the most recent data. An adjustment factor of 0.76 was 
applied to derive this value. 


[DEMAND] 
Water demand in 2001 was 0.494 million gallons per day, determined from information 


maintained in the Missouri Department of Natural Resources (Major Water Users Data Base). 
The total use in 2001 was 180,424,873 gallons. 


Demand of 1.33 million gallons per day was provided by local sources. 

[OTHER] 

The volume of water added to the system by pumping from Blackwater River into the reservoir. 
Various pump sizes were evaluated. The size of pump was optimized to be 1000 gpm. It was 
assumed that the pump would be able to operate at 75 percent efficiency due of line losses such 
as friction losses and down time of the pump. Two 500-gpm pumps were evaluated for pumping 


at lower stream flows but did not make significant difference. To determine if flow in the river is 
sufficient to allow pumping, the Valley City gage was used for the period of 1958 through 1973 
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and the Blue Lick gage from 1951 to 1958 and also from 1973 through 2000. Adjustments to 
stream flow were made based on ratio to drainage area. Only when low flows exceeded 7-day 
10-year frequency low flow (the amount to maintain in-stream flow for water quality) was pumping 
allowed. The 7-day 10 year frequency low flow for both gages were less than 1 cubic feet per 
second, as a result 1 cubic feet per second was used. 
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Concordia, Missouri 
Water Supply Study 
Historical Water Use 
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E.A. Pape Lake 
Water Supply Study - Concordia, Missouri 
RESOP Model Results 
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E.A. Pape Reservoir 
Water Supply Study - Concordia, Missouri 
RESOP Model Results 
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E.A. Pape Reservoir 


Water Supply Study 
Storage Volume and Surface Area 
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Creighton Reservoir 
Water Supply Study — Creighton, Missouri 


Drought Assessment Analysis 
|. Overview 


Creighton Reservoir (figure 10.1) is located in southeastern Cass County, Missouri, and 
approximately one and one half miles northwest of the City of Creighton. Creighton Reservoir 
is the source of water for the City of Creighton. The Creighton Reservoir serves a population 
of approximately 290 with an estimated water demand of 28,000 gpd. Creighton is nota 
major water user and they are currently not reporting their water use to Missouri Department 
of Natural Resources. Usage in the Safe Drinking Water Information System (SDWIS) 
database indicates they are using an average of 28,000 gallons per day. The plant capacity is 
reported at 36,000 gpd and the maximum day reported was at a rate of 35,000 gpd. 


This water supply study was performed using the Reservoir Operation Study Computer 
Program (RESOP) developed by the Natural Resource Conservation Service (NRCS) of the 
United States Department of Agriculture (USDA). The RESOP model assesses the remaining 
water storage in a lake or reservoir by summing volumetric gains and losses on a monthly 
basis for a given year. Factors that are taken into account in the model include reservoir 
volume, drainage area, precipitation, seepage, evaporation, and others. Please refer to 
Appendix A for a more thorough description of the RESOP model program. 


One scenario was modeled for Creighton Reservoir. The model assumes that ‘Normal’ 
demand for Creighton is 28,000 gpd and that ‘Optimum’ yield from the lake is 65,500 gpd. 
Figure 10.3 illustrates these relationships. 


ll. Drought Assessment Summary 


The Creighton Reservoir is capable of meeting Creighton’s year 2000 water use for the 
drought of the 1950’s. They have been using an average of 28,000 gpd recorded in the 
SDWIS database. Creighton Reservoir capacity is capable of providing 65,500 gpd. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the 
given reservoir or lake. The descriptions that follow describe the methodology and protocol 
for deriving these values. A detailed description of the variables addressed by each control 
word is provided in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Creighton Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on June 28, 2003. Surface area of the lake and associated 
storage volume capacity is illustrated in figure 10.4. 
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Creighton Lake Physical Data 






























































Creighton Reservoir 
Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

806.0 0.09 0.03 

808.0 0.4 0.4 

810.0 1.0 1.7 

812.0 2.2 4.6 

814.0 5.0 11.7 

816.0 7.6 24.5 

818.0 10.0 41.9 

820.0 12.6 64.5 

820.2 13.0 67.1 Lake Conditions on June 28, 2003 

822.0 16.6 93.8 

823.0 18.9 111.4 

823.2 19.4 112.9 Spillway 
[LIMITS] 
Ma€XiIMUM StOraQe ............:cecceecce cece eeeeeaeee ee eeeeteeaaaaaaaeeeeeeeteesaaaaaeeeeeenenesaaaa 112.9 acre-feet 
MIUPIMUIMEStOLAQ Gs fatet act cites da ade dhen tatend cu cnagred ta tteaettadeadin danddsnataeatddane evewtie sd 15 acre-feet 
Drainage DAaSINSIZCiai).cdeentst teadetenenih ndteaet attaedcalad ts eeteacataen ee 0.83 Square Miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Creighton Lake is approximately 0.75 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 


Rainfall data came from the Harrisonville, Missouri precipitation gauge for the evaluation 
period 1951 through 1959. 


Average precipitation in Creighton was 42.05 inches between 1970 and 2000. Precipitation 
values for the drought of record were obtained from Harrisonville, Missouri (approximately 17 
miles northwest of Creighton). The most severe drought occurred between 1953 and 1957 
with annual precipitation values in Harrisonville of 28.8 inches, 35.7 inches, 28.4 inches, 21.3 
inches, and 37.5 inches, respectively. 


[RUNOFF] 
A monthly runoff volume in watershed inches was determined from data collected from the 


Little Blue River stream gauge near Lake City. Another gauge on Cedar Creek near pleasant 
View, Missouri was analyzed for comparison. Comparison of the total runoff from the two 
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gauges resulted in favorable results. Little Blue River runoff volume was chosen to represent 
Creighton Lake where soil, vegetation and topography was more representative of Creighton 
Reservoir drainage basin. When this regional runoff value is inconsistent with precipitation 
values recorded for Creighton, individual storm events were considered. Antecedent moisture 
was estimated for each storm event and adjustments to the Natural Resource Conservation 
Service’s (NRCS) runoff curve number were made to estimate runoff from each storm event 
(see Appendix A for additional information 


[EVAP.] 

Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Creighton Reservoir due to evaporation. An adjustment 
factor of 0.76 was applied to convert from pan to lake evaporation. 

[DEMAND] 

Creighton has not been reporting their water use because they are not considered to be 
major water users. This RESOP analysis was for the daily use recorded in the SDWIS 


database. The daily amount recorded is 0.028 million gallons per day. The optimized use 
would be 0.069 million gallons per day. 
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CREIGHTON LAKE 





Elevation| Area | Volume 
feet acres) | (acre-ft 


806.0] 0.09] 0.03 











Table 10.1 Lake elevations and respective 
surface areas and volumes. Top of spill- 
way structure is 823.2 feet. Elevations 
referenced to North American Vertical 
Datum 1988 (NAVD 88). 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 


—810— Contour interval 2 feet. 


WATER SURFACE—Shows approximate elevation of water surface, 


——820—— June 28, 2003 (actual is 820.2 feet, table 21). 


B U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
located on northeast side of spillway wingwall. Elevation 826.2 feet. 


Figure 10.1 
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Creighton Lake 
Water Supply Study - Creighton, Missouri 
RESOP Model Results 
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Creighton Lake 
Water Supply Study - Creighton, Missouri 
Storage Volume and Surface Area 
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Dearborn Reservoir 
Water Supply Study — Dearborn, Missouri 
Drought Assessment 


l. Overview 


Dearborn Reservoir (figure 11.1) is in south central Buchanan County, Missouri, one-half 
mile north of the City of Dearborn. Dearborn is located 14 miles east of Edgerton and 25 
miles south of St. Joseph, Missouri. Dearborn Reservoir is the primary source of water for the 
City of Dearborn. The Dearborn Reservoir serves a population of approximately 528 with an 
estimated water demand of 0.060 million gallons per day according to the 2008 Census of 
Missouri Public Water Systems (maintained by the Public Drinking Water Branch, Missouri 
Department of Natural Resources). The reservoir by itself is not capable of meeting 
Dearborn’s needs. To meet the demand water must be diverted from Bee Creek into 
Dearborn Reservoir. To divert the water a six-inch portable pump is used. Dearborn began 
purchasing water from Kansas City in 2001. In the future Dearborn Reservoir will be used as 
a backup. 


The City of Dearborn draws water directly from the reservoir to the treatment facility, and the 
reservoir, itself, is supplemented with water diverted from Bee Creek. Historical demand on 
the reservoir in 1999 and 2000 was reported to average 62,300 gallons per day. Figure 11.2 
illustrates historical water demand on the Dearborn Reservoir. Optimized demand without 
pumping from Bee Creek is 9670 gallons per day 


This water supply study was performed using the Reservoir Operation Study Computer 
Program (RESOP) developed by the Natural Resource Conservation Service (NRCS) of the 
United States Department of Agriculture (USDA). The RESOP model assesses the remaining 
water storage in a lake or reservoir by summing volumetric gains and losses on a monthly 
basis for a given year. Factors that are taken into account in the model include reservoir 
volume, drainage area, precipitation, seepage, evaporation, and others. Please refer to 
Appendix A for a more thorough description of the RESOP model program. 


Two scenarios were analyzed for the Dearborn reservoir system using the RESOP model: 


1. The first scenario assesses the water budget for the reservoir with no additional sources 
of water (no diversion from Bee Creek). An analysis of ‘Normal’ demand (actual demand 
from 2000) was applied to the reservoir during the drought of record to assess potential 
water deficits. A second analysis for ‘Optimum’ demand was performed to determine the 
firm yield from the reservoir without additional water sources - this value represents the 
viable quantity of water available. Figure 11.3.a illustrates the relationship between these 
two curves - when actual demand is applied to this scenario the reservoir is drained 
completely and would not be capable of supplying water to meet demand. The firm yield 
is insufficient to meet demand. 


2. The second scenario analyzes ‘Normal’ demand and ‘Optimum’ demand for the Dearborn 
reservoir system when additional water is diverted to the reservoir from Bee Creek (figure 
11.3.b). A stream flow analysis was performed on Bee Creek to estimate the number of 
days per year that stream flow would exceed 2 cubic feet per second and allow for 
pumping. Based on this analysis, it was estimated that water diverted from the Bee Creek 
to the reservoir would allow Dearborn to meet demands except in January, February and 
March 1954 and again in 1957. When water is diverted, leaving 2 cubic feet per second 
for in-stream flow needs, the 2000 demand of 62,300 gallons per day, there would be 
insufficient storage to provide adequate water supply. Optimum demand is 50,500 
gallons per day. 
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ll. Drought Assessment Summary 


The Dearborn Reservoir is at risk of not meeting the community's demand for water during 
times of drought (figure 11.3.a). Additional water must be added to meet Dearborn’s needs. 
The 2000 demand on the reservoir was approximately 62,300 gallons per day, and when this 
demand value is applied to the reservoir, deficits would occur from January 1953 through 
February 1957. Diverting water from Bee Creek when enough flow exists allowed Dearborn 
Reservoir to supply sufficient water, except for February 1954 and March 1957, when the 
reservoir would be emptied. Optimum demand without diversion is only 10,000 gallons per 
day and with diversion 50,500 gallons per day. 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the 
given reservoir or lake. The descriptions that follow describe the methodology and protocol 
for deriving these values. A detailed description of the variables addressed by each control 
word is provided in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Dearborn Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on July 27, 2000. Surface area of the lake and associated 
storage volume capacity are illustrated in figure 11.4. 


Dearborn Lake Physical Data 


















































Dearborn Reservoir 
Elevation Area Volume 
(feet) (acres) (acre- Additional Notes 
feet) 

906.0 0.36 0.05 

908.0 1.84 2.4 

910.0 3.12 7.4 

912.0 4.66 15.2 

914.0 6.38 26.3 

946.0 7.14 40.2 

917.0 7.98 47.9 Lake Conditions July 27, 2000 

917.5 8.63 52.0 Spillway 
[LIMITS] 
MAXIMUM StOlA GG esuissascedeadscactdevde scadeseaeadea sca tendessaet calgn hcatansanbewdovencedeie des 52.0 acre-feet 
MINIMUM STOFA GC iss. c duds Fosccena sacs eyes edi ceetagiedchees Saez caer caccetagisceude tases sduaysecanungaedeeies 5 acre-feet 
Drainage: DASIN SIZ isc. casctcva guys cyesscdgeadied stuns vont cueeeonedauaendeuds ronetawvaueet cqaevouedeaieye 350 acres 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 
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[SEEPAGE] 


Seepage from Dearborn Lake is approximately 2.0 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 


Precipitation values from Edgerton, Missouri precipitation gauge was used for the evaluation 
period 1951 through 1959. When precipitation data for Edgerton was missing, data for the St. 
Joseph precipitation gauge was used. 


Average precipitation in St. Joseph was 38.5 inches between 1970 and 2000. The most 
severe drought occurred between 1953 and 1957 with annual precipitation values in 
Edgerton of 21.81 inches, 30.75 inches, 30.40 inches, 22.43 inches, and 34.28 inches, 
respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from May 
of 1950 to September of 1976 at the USGS 06821000 Jenkins Branch at Gower Mo. Jenkins 
Branch stream is a tributary of the Platte River and is located approximately 26 miles 
northeast of Dearborn. The drainage area monitored by this stream gauge covers 
approximately 2.72 square miles. When this regional runoff value is inconsistent with 
precipitation values recorded for Dearborn, individual storm events were considered. 
Antecedent moisture was estimated for each storm event and adjustments to the Natural 
Resource Conservation Service’s (NRCS) runoff curve number were made to estimate runoff 
from each storm event (see Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Dearborn Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent 
data. An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


Water demand was obtained from records reported by the Dearborn to Missouri Department 
of Natural Resources “Major Water Users Data Base”. The daily use in 2000 was 62,300 
gallons per day, which was used for this analysis. Total use for 2000 was 22.725 million 
gallons. 


Dearborn’s 1999 water use was 2,234,800 gallon or and average of 0.062 million gallon per 
day. 


[OTHER] 


The volume of water diverted from Bee Creek was added as inflow to the reservoir. To 
determine Bee Creek’s ability to supply water to Dearborn Reservoir, daily discharges were 
determined for the Crooked River stream gauge near Richmond. The Crooked River gauge is 
about 40 miles South West of Dearborn and has a drainage area is 159 square miles and the 
drainage area at the point of pumping on Bee Creek is 38 square miles. The Crooked River 
daily discharges were reduced based on the ratio of drainage areas. Pumping was only 
planned for flows exceeding 2 cubic feet per second to provide for in-stream flow needs. The 
rate of pumping, for this analysis, was 500 gallons per minute or 1.1 cubic feet per second. 
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DEARBORN RESERVOIR 










LOCATION MAP 
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EXPLANATION 


—910— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 


—917—— WATER SURFACE—Shows elevation of water surface, July 27, 2000 
(table 8). Datum is sea level. 


a U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 
located on southeast side of basketball court. Elevation 924.06 feet. 
Datum is sea level. 


Figure 11.1 


Se 
5 Bathymetric map and area/volume table for Dearborn#eservoir near Dearborn, Missouri. 
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Dearborn Lake 
Water Supply Study - Dearborn, Missouri 
RESOP Model Results 
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Figure 11.3.a 
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Dearborn Lake 
Water Supply Study - Dearborn, Missouri 
RESOP Model Results 
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Figure 11.3.b 
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Dearborn Lake 
Water Supply Study - Dearborn, Missouri 
Storage Volume and Surface Area 
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Drexel Reservoir #2 
Water Supply Study — Drexel, Missouri 
Drought Assessment Analysis 


Drexel Reservoir #2 (figure 12.1) is located in southwestern Cass County, Missouri, and 
approximately one mile south of the City of Drexel. Drexel Reservoir #2 is the source of water for 
the City of Drexel. The Drexel Reservoir #2 serves a population of approximately 1200 with an 
estimated water demand of 0.103 million gallons per day according to the 2008 Census of 
Missouri Public Water Systems (maintained by the Public Drinking Water Branch, Missouri 
Department of Natural Resources). Drexel has 2 lakes and only lake number 2 was surveyed and 
included in this analysis. The older reservoir #1, which is located at the south edge of Drexel, does 
not have enough storage capacity to provide a dependable water supply. 


Drexel is not a major water user and they are currently not reporting their water use to Missouri 
Department of Natural Resources for inclusion in the “Major Water Users” database. Usage in the 
Safe Drinking Water Information System (SDWIS) database indicates they are using an average of 
102,600 gallons per day. The plant capacity is reported at 360,000 gallons per day. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Drexel Reservoir. The model assumes that ‘Normal’ demand for 
Drexel is 102,000 gallons per day and that ‘Optimum’ yield from the lake is 119,000 gallons per 
day. Figure 12.3 illustrates these relationships. 


ll. Drought Assessment Summary 


Drexel Reservoir #2 is capable of supplying Drexel’s current water needs. The demand on Drexel 
Reservoir #2 is 0.102 million gallons per day. Water supply in Drexel #2 Reservoir would be critical 
which may require a backup plan for supplemental water in July 1954 and again January 1957. 
This analysis indicates there would be 40 acre-feet remaining in the reservoir in 1954 and 70 acre- 
feet in 1957. The estimated optimum yield is 0.119 million gallons per day. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided in 
Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Drexel Lake #2, 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on June 5, 2003. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 12.4. 
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Drexel Lake Physical Data 




































































Drexel, Missouri 
Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

952.0 0.12 0.04 

954.0 1.0 1.0 

956.0 2.4 4.3 

958.0 4.5 11.1 

960.0 7.3 22.6 

962.0 11.2 40.9 

964.0 16.6 68.5 

966.0 23.4 108.3 

967.0 26.8 133.3 

968.0 30.8 162.1 

968.1 31.3 165.2 Lake conditions on June 5, 2003 

970.0 40.2 233.4 

972.0 46.7 321.5 

972.5 47.9 345.1 Spillway 
[LIMITS] 
Ma€aXiIMUM StOraQe...... 2... cccee eee ce eee eee eee eee eects eee eee eee tteatt resets O45, Lacre-feet. 
MiniMUM StOrage......... 2.6 cece cece eee eee eee eee ee eee eeeaeeeteessttttttatesitistesssesseess LO acre-feet. 
Drainage: basin SIZ@.. t.urssaserchat 2h aeedes oa have singe Rae tet wiv edee iad Hava eeeans 534 acres 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Drexel Lake is approximately 1.0 inch per month when at or near full capacity and 
approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an earthen dam 
composed of compacted clay-rich materials - seepage through the dam is considered negligible. 


[RAINFALL] 


Rainfall data came from the Harrisonville, Missouri precipitation gauge for the evaluation period 
1951 through 1959. 


Average precipitation in Drexel was 42.05 inches between 1970 and 2000. Precipitation values for 
the drought of record were obtained from Harrisonville, Missouri (approximately 16 miles northeast 
of Drexel. The most severe drought occurred between 1953 and 1957 with annual precipitation 
values in Harrisonville of 28.8 inches, 35.7 inches, 28.4 inches, 21.3 inches, and 37.5 inches, 
respectively. 


[RUNOFF] 
A monthly runoff volume in watershed inches was determined from data collected from the Little 


Blue River stream gauge near Lake City. Another gauge on Cedar Creek near pleasant View, 
Missouri was analyzed for comparison. Comparison of the total runoff from the two gauges 
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resulted in favorable results. Little Blue River runoff volume was chosen to represent Drexel Lake 
where soils, vegetation and topography was more representative of Drexel Reservoir drainage 
basin. When this regional runoff value is inconsistent with precipitation values recorded for Drexel, 
individual storm events were considered. Antecedent moisture was estimated for each storm event 
and adjustments to the Natural Resource Conservation Service’s (NRCS) runoff curve number 
were made to estimate runoff from each storm event (see Appendix A for additional information). 


[EVAP.] 

Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were used 
to estimate water loss from Drexel Reservoir due to evaporation. An adjustment factor of 0.76 was 
applied to convert from pan to lake evaporation. 

[DEMAND] 

Drexel has not been reporting their water use because they were not a major water user. This 


RESOP run was for the daily use recorded in the SDWIS database. The daily amount for this 
analysis is 0.102 million gallons per day. 
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| 952.9 0.14 0.04 
o7o__. BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
—*'"—~ Contour interval 2 feet. 
958.0 4.5 11.1 
—968-— WATER SURFACE—Shows approximate elevation of water surface, =) 
June 5, 2003 (actual is 968.1 feet, table 26). 


Bw U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 964. 
located on north side of spillway structure. Elevation 976.6 feet. 
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Table 12.1. Lake elevations and respective 
surface areas and volumes. Top of spill- 
way structure is 972.5 feet. Elevations 
referenced to North American Vertical 
Datum 1988 (NAVD 88). 
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RESOP Model Results 
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D.C. Rogers Reservoir 
Water Supply Study — Fayette, Missouri 
Drought Assessment Analysis 


Il. Overview 


D.C. Rogers Reservoir is located in Howard County in central Missouri (figure 13.1). There 
are two reservoirs capable of supplying water to Fayette. D.C. Rogers Reservoir is located 
one mile west of the city of Fayette. Fayette Reservoir is located upstream of D.C. Rogers 
Reservoir and is the older water supply reservoir. Water can be released from the upper 
lake into D.C. Rogers Reservoir. 


The D.C. Rogers Reservoir serves a population of approximately 2,888 with an estimated 
water demand of 0.361 million gallons per day according to the 2008 Census of Missouri 
Public Water Systems (maintained by the Public Drinking Water Branch, Missouri 
Department of Natural Resources). Figure 13.2 illustrates Fayette’s historical water use. 


These reservoirs are on Adams Creek, a tributary to Bonne Femme Creek. The drainage 
area for the Fayette Lake is 1.96 square miles and the intervening area for D.C. Rogers 
Lake is 1.93 square miles for a total of 3.89 square miles. 


D.C. Rogers Lake was surveyed March 19, 2007. The upper lake, Fayette Lake, was not 
surveyed, as a result it was necessary to estimate the storage volume. To do that the 
elevations and surface area were determined from a 7.5- minute USGS topographic map. 
The area below the spillway elevation was assumed to be a direct ratio of the D.C. Rogers 
Reservoir. Volume was then determined based on that area. During large rainfall events 
discharge through Fayette Reservoirs spillway was added to the inflow to D.C. Rogers 
Lake. 


This water supply study was performed using the Reservoir Operation Study Computer 
Program (RESOP) developed by the Natural Resource Conservation Service (NRCS) of 
the United States Department of Agriculture (USDA). The RESOP model assesses the 
remaining water storage in a lake or reservoir by summing volumetric gains and losses on 
a monthly basis for a given year. Factors that are taken into account in the model include 
reservoir volume, drainage area, precipitation, seepage, evaporation, and others. Please 
refer to Appendix A for a more thorough description of the RESOP model program. 


Two scenarios were studied. The first analyzed D.C. Rogers Lake by itself to analyze 
normal demand and optimum demand. Overflow from Fayette Lake was added to the 
inflow of D.C. Rogers Lake. The second scenario involved releasing water from Fayette 
Reservoir to D.C. Rogers Reservoir to meet normal demand. Figures 13.3.a and 13.3.b 
illustrate these results. 


ll. Drought Assessment Summary 


Data reported, by the city, to the Department of Natural Resources data base “Missouri 
major water users” for the period 1989 through 2001 shows the city water needs of 0.494 
million gallons per day (figure 13.3) was met by the D.C. Rogers Reservoir. This analysis 
shows that the drought of record is the 1950’s. The city’s demands could not be met with 
the D.C. Rogers Lake alone. In order to maintain a minimum of 500 acre-feet of water in 
the lake it was necessary to obtain a total of 1000 acre-feet from the upper Fayette Lake. 
In December 1954 it was necessary to release 40 acre-feet, in 1955 another 80 acre-feet 
was needed, 1956 needed 480 acre-feet, 1957 required 360 acre-feet and January 1958 
needed 40 acre-feet for a total of 1000 acre feet. 175 Acre-feet remained in the upper 
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Fayette Lake. The lakes did not refill quickly because the drainage area size does not 
allow quick recharge. For this reason the period of analysis was extended to 1961. 


lll. RESOP model parameters 


Terms in brackets (and bold print) refer to ‘control words’ for the RESOP program. Each 
term represents one or more values that are used to calculate the modeled water balance 
for the given reservoir or lake. The descriptions that follow describe the methodology and 
protocol for deriving these values. A detailed description of the variables addressed by 
each control word is provided in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of D.C. Rogers 
Lake conducted by the United States Geological Survey (USGS) under contract from the 


Missouri Department of Natural Resources on May 19, 2007. Surface area of the lake and 
associated storage volume capacities are illustrated in figures 13.4.a and 13.4.b. 


D.C. Rogers and Fayette Reservoirs Physical Data 






















































































D.C. Rogers Reservoir Fayette Reservoir 
Assumed Estimated 
Elevation Area Volume Elevation Area Volume 
(feet) (acres) (ac-ft) (feet) (acres) (ac-ft) 
667.0 0 0 703 0 0 
668.0 5.6 3.6 705 5 9 
670.0 12.8 23 707 10 23 
672.0 26.1 62 709 13 47 
674.0 35.9 124 711 18 78 
676.0 47.4 207 713 23 118 
678.0 61.0 315 715 28 169 
680.0 75.5 451 717 35 232 
682.0 93.1 620 719 40 312 
684.0 106 819 721 45 391 
686.0 121 1,050 723 52 544 
688.0 138 1,310 725 58 696 
690.0 155 1,600 727 63 717 
692.0 169 1,920 
694.0 190 2,280 
695.2 201 2,520 
Lake Conditions on March 19, 2007 Estimated Spillway Elevation = 727.0 feet 
Elevation = 695.2 feet 
Spillway Elevation = 695.2 feet 











[LIMITS] 
D.C. Rogers Lake (Lower Lake) 
Maximum Storage. ..ccenciyseeibsaeh pei vegeeedeeek costo gedaga eben egenene lene 2,520 acre-feet 
Minimum Pool storage......... 2.0 .:eceeece cee eee eee eee eee eee eee eens eee eee nee eaeeeaee teed 121 acre-feet 
Drainage Basin SIZ@.............6 cece ee eee tee etetee see etttitsttessttessieeeses L.93 Square miles 


Fayette Lake Upper Lake 


MaxiMUM StOrage......... 0. ccce cee cee cece eee e eee ene neces eae a ee cae eee ee en eedeea attains 717 acre-feet 
MINIMUM. StOlaGe@ ss acess vetoes ewe icitee es cepa neds sak ds tape aaa ve endo aepeeeertiee 50 acre-feet 
Drainage Basin SiZe@......... 00... cece cece eee ee eee ee eee ea ane ea taeee dead 1.96 square miles 
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[GENERAL] 


The record period of drought is in the 1950's. The analysis period used in this model is 
January 1951 and ended December 1961. 


[SEEPAGE] 


Seepage from D.C. Rogers Lake is estimated to be 3.5 inches per month when at or full 
capacity and approaches 0.0 inches when the reservoir is near empty. Seepage from 
Fayette Reservoir was estimated at 1 inch per month when at full capacity and 
approaches 0.0 inches per month when the reservoir is near empty. Seepage from the 
Fayette Reservoir will accumulate in D.C. Rogers Reservoir. The reservoirs are bound by 
an earthen dams composed of compacted clay-rich materials-seepage through the dams 
are considered minimal. 


[RAINFALL] 


Average precipitation in Fayette was 38.5 inches for 1970 through 2000. Precipitation 
values for the drought of record were obtained from Fayette Missouri. The most severe 
drought occurred between 1953 and 1957 with annual precipitation values of 23.27, 32.59, 
38.77, 23.76 and 37.31 inches. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected at the 
Petite Saline Creek gauge near Boonville. When runoff did not appear reasonable 
compared to rainfall, it was necessary to examine daily rainfall values for that month. 
Antecedent moisture was estimated for each rainfall event and adjustments to NRC’S 
runoff curve number were made to arrive at direct runoff for each storm. (See Appendix A 
for additional information). 


[EVAP.] 


Pan evaporation data from Lakeside gauging station (near the Lake of the Ozarks) was 
used to estimate water loss from D.C. Rogers Reservoir due to evaporation. This data was 
supplemented and compared with evaporation stations at New Franklin, and Columbia, 
Missouri, depending on which station had the most recent data. An adjustment factor of 
0.76 was applied to convert from pan to lake evaporation values. 


[DEMAND] 


Water demand was obtained from records reported by the city records to Missouri 
Department of Natural Resources “Major Water Users Data Base”. Their water use has 
been steadily declining. In 1989 they reported using 0.50 million gallons per day and in 
2001 they reported 0.36 million gallons per day. For this evaluation a mid-point demand of 
0.42 million gallons per day was assumed. During this 13 years of data, demand steadily 
decreased by average of 11,700 gallons per day. 


[OTHER] 
Other is the gain or loss from sources other than the above control words. For the months 


that water was needed to keep D.C. Rogers Reservoir at or above 500 acre-feet of 
storage, water was released from Fayette Reservoir and added to D.C. Rogers Reservoir. 
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feet acres)| (acre-ft 


676.0 | 610 | 
680.0 | 755 | 
682.0 | 93.1 | 
684.0 [106 | 
686.0 | 121 
688.0 | 138 | 1,310 
690.0 | 155 | 1,600 
692.0 | 169 | 1,920 
[694.0 | 190 | 2,280 
695.2 | 201 | 2.520_| 


Table 13.1 Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 695.2 feet. 
Elevations referenced to North American 
Vertical Datum 1988 (NAVD 88). 

Note: Volumes calculated from surface 
testing 1.29 feet vertical accuracy at 95 
percent confidence level. 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the lake 
bottom. Contour interval 2 feet. Contours tested 1.98 feet 
vertical accuracy at 95 percent confidence level. 


WATER SURFACE—Shows elevation of water surface, 
March 19-20, 2007 (table 1). 


U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
Chiseled arrow on east side of boat ramp. 
Elevation 695.7 feet. 


Bathymetric map and table of areas/volumes of the Rogers Lake near Fayette, Missouri. 
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D.C. Rogers Reservoir 
Water Supply Study - Fayette, Missouri 
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D.C. Rogers Reservoir 


Water Supply Study - Fayette, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand) 
— Storage Volume (Optimum Demand) 
—— Storage Volume (Normal Demand plus release from Fayette Reservoir) 
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Figure 13.3.a 
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Fayette Reservoir 
Water Supply Study - Fayette, Missouri 
RESOP Model Results 





—— Storage Volume (No release to DC Rogers Lake) --=Storage Volume ( Release to DC Rogers Lake) 
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Figure 13.3.b 


141 


Missouri Department of Natural Resources 
Water Resources Center 


Elevation (ft) 


700 


695 


690 


685 


680 


675 


670 


665 


Missouri Water Supply Study 


D.C. Rogers Reservoir 
Water Supply Study - Fayette, Missouri 
Storage Volume and Surface Area 


—O= Storage Volume —O—Surface Area 





Spillway Elevation = 695.2 feet 
Volume = 2520 acre-feet 
Surface Area = 201 acres 


Water Surface on May 19, 2007 
Elevation = 695.2 
Volume = 2520 acre-feet 

Surface Area = 201 acres 


1000 1500 2000 


Storage Volume (acre-ft) and Surface Area (acres) 


142 


June 2011 





3000 


Figure 13.4.a 


Missouri Department of Natural Resources 
Water Resources Center 


Elevation (ft) 


730 


725 


720 


715 


710 


705 


700 


200 


Missouri Water Supply Study 


Fayette Reservoir 
Water Supply Study - Fayette, Missouri 
Storage Volume and Surface Area 





—0O— Storage Volume —O—Surface Area | 


Spillway Elevation = 727 feet 
Volume = 717 acre-feet 


Surface Area = 63 acres 


300 400 500 


600 


Storage Volume (acre-ft) and Surface Area (acres) 


143 


700 


June 2011 





800 


Figure 13.4.b 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Garden City Reservoirs #1 (Old) and #2 (New) 


Water Supply Study — Garden City, Missouri 
Drought Assessment Analysis 


l. Overview 


Two reservoirs make up the reservoir system that provides the water supply for Garden City. The 
Garden City Reservoir #2 (figure 14.1.a) is located 2.5 miles south south east of Garden City. 
Reservoir #1 (figure 14.1.b) is located one mile east of Garden City. Garden City is located in 
southwestern Cass County, Missouri, and approximately 10 miles southeast of Harrisonville. Prior 
to 1994 Reservoir #1 was the only source of drinking water for Garden City. The population 
served by the Garden City reservoir system is approximately 1,364 with an average consumption 
of 0.138 million gallons per day according to the 2008 Census of Missouri Public Water Systems 
(maintained by the Public Drinking Water Branch, Missouri Department of Natural Resources). 
Historical water demand on each of the Garden City Reservoirs is illustrated in figure 14.2. 


Garden City’s Lake #2 was constructed 1992 and the city began using the water in 1994. This 
lake is located 2.5 miles south south east of Garden City. Its drainage area is 1.70 square miles. 
Lake #1 is located 1 mile east of Garden City and has a drainage area of 0.67 square miles. The 
operating plan is to use whichever lake has a supply that meets their needs. 


Demand for evaluation of Garden Cities water supply were determined from Department of 
Natural Resources, major water users database where the old lake is listed as Lake #1 and the 
new lake as Lake #2. In year 2000 Lake #1 provided 20,311,090 gallon of water or 55,646 gallons 
per day and Lake #2 provided 29,889,810 gallons or 81,890 gallons per day. The total was 
50,200,900 gallons for an average daily use of 137,540 gallons per day. For evaluation of Garden 
City’s water supply, these demands were used. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Year 2000 demand of 0.138 million gallons per day was distribute between the two reservoirs 
assuming 60 percent (0.082 million gallons per day) of the total demand would be assigned to 
Reservoir #2 (New) and 40 percent (0.056 million gallons per day) assigned to Reservoir #1 
(Old). Combined optimum demand is 0.251 million gallons per day. 


ll. Drought Assessment Summary 


Reservoir #2 RESOP model assumes ‘Normal’ demand to be 82,000 gallons per day and the 
resulting ‘Optimum’ yield from the lake is 182,000 gallons per day. Figure 14.3.a illustrates these 
relationships. Expectations would have 250 acre-feet of water remaining in the reservoir in July 
1954. 


Reservoir #1 model assumes ‘Normal’ demand to be an average of 56,000 gallons per day with 


35 acre-feet of water remaining in the reservoir in July 1954. The ‘Optimum’ yield from the lake is 
69,000 gallons per day. Figure 14.3.b illustrates these relationships. 
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Ill. RESOP Model Parameters 


Terms in brackets refer to ‘control words’ for the RESOP program. Each term represents one or 
more values that are used to calculate the modeled water balance for the given reservoir or lake. 
The descriptions that follow describe the methodology and protocol for deriving these values. A 
detailed description of the variables addressed by each control word is provided in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Garden City Reservoirs 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on April 5 and 6, 2004. These relationships are illustrated in 
figure 14.4.a for Lake #2 and figure 14.4.b for Lake #1. 


Garden City Reservoirs #1 and #2 Lakes (New and Old Lakes) 




























































































Garden City #2 (New) Reservoir Garden City #1 (Old) Reservoir 
Elevation Area Volume Elevation Area Volume 
(feet) (acres) (acre-feet) (feet) (acres) (acre-feet) 
842.0 0.3 0.2 878.0 0.15 0.02 
844.0 2.5 2.9 880.0 1.7 1.7 
846.0 5.0 10.5 882.0 5.1 7.8 
848.0 7.9 23.4 884.0 10.2 24.4 
850.0 12.4 43.7 886.0 13.6 48.2 
852.0 16.2 72.6 888.0 19.3 81.4 
854.0 20.1 108.8 890.0 23.4 124.7 
856.0 23.8 152.7 892.0 26.1 174.3 
858.0 27.7 203.7 892.1 27.1 177.0 
860.0 33.7 264.7 893.0 30.4 202.9 
862.0 39.3 337.7 894.0 33.5 234.9 
862.4 40.5 353.7 895.0 36.8 270.0 
864.0 48.8 426.1 
864.3 49.9 440.9 
866.0 57.4 523.0 
867.2 63.0 604.2 
Spillway Elevation = 862.4 feet Spillway Elevation = 892.1 feet 
Lake Conditions on April 5, 2004 Lake Conditions on April 6, 2004 
Elevation = 862.4 feet Elevation = 892.0 feet 
Emergency Spillway Elevation = 864.3 feet Emergency Spillway Elevation = 893.0 feet 
Top of Dam Elevation = 867.2 feet Top of Dam Elevation = 895.0 feet 
[LIMITS] 
Garden City #2 (New) Lake 
MAXIMUM StOLaQe ...........ceeceeeeeee cece ee eeeece cess tees eeeecceaeeeeeeeeeceecieaeeeeeeeteenaaaa 440.9 acre-feet 
MUNIMUM StOPAGe ..20..... cece ee eeceee cece ee eeeeae eee ceeeee tees aeaaaeeeeeeeseeaaaaeaaeeeeeeeeeeaaaaas 50 acre-feet 
Drainage DaSiN SIZO o.oo... eee eee cceteeece cece eeectec aces ce eeeeeeeaaaaeaeceeeeetneneaeaaeaes 1.70 square miles 


Garden City #1 (Old) Lake 


Maximum :StOrage sc2tv.isiesceelind desdet enelaave de adieatenndal cacevd inane ater tertisd te dnee 177.0 acre-feet 
MIIMUM StOLAGG i. 4ee2 aerieh cat dete eneeate iadeeaind de dedvazeea tn Sas dce banded ateateeuene 10 acre-feet 
Drainage: DASIN: SIZE ceaiiefede ast cane nevet alte etal caneeeincapdadoabdewdadateatnanes 0.67 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity for both lakes. 
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[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Garden Cities Lakes One and Two is estimated to be approximately 1.0 inch per 
month when at or near full capacity and approaches 0.0 inches as the reservoir is emptied. The 
reservoir is bound by an earthen dam composed of compacted clay-rich materials - seepage 
through the dam is considered negligible. 


[RAINFALL] 


Rainfall data came from the Harrisonville, Missouri precipitation gage for the evaluation period 
1951 through 1959. 


Average precipitation in Garden City was 42.05 inches between 1970 and 2000. Precipitation 
values for the drought of record were obtained from Harrisonville, Missouri (approximately 16 
miles northeast of Garden City. The most severe drought occurred between 1953 and 1957 with 
annual precipitation values in Harrisonville of 28.8 inches, 35.7 inches, 28.4 inches, 21.3 inches, 
and 37.5 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Little 
Blue River stream gauge near Lake City. Another gauge on Cedar Creek near pleasant View, 
Missouri was analyzed for comparison. Comparison of the total runoff from the two gauges 
resulted in favorable results. Little Blue River runoff volume was chosen to represent Garden 
Cities Lakes where soils, vegetation and topography was more representative of Garden Cities 
Reservoirs drainage basins. When this regional runoff value is inconsistent with precipitation 
values recorded for Garden City, individual storm events were considered. Antecedent moisture 
was estimated for each storm event and adjustments to the Natural Resource Conservation 
Service’s (NRCS) runoff curve number were made to estimate runoff from each storm event (see 
Appendix A for additional information 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Garden City Reservoirs due to evaporation. An adjustment 
factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


Values for water usage by Garden City are illustrated in figure 14.2. Year 2000 demand was used 
to represent demand from each lake. Lake #2 normal demand was 82,000 gallons per day and 
Lake #1 demand was 56,000 gallons per day. Water demand was obtained from records reported 
by the city to Missouri Department of Natural Resources “Major Water Users Data Base”. Their 
water use has been increasing at a rate of 750 gallons per day each year. 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the 
—860— reservoir bottom. Contour interval 2 feet. 
WATER SURFACE—Shows approximate elevation of 
water surface, April 5, 2004 (actual is 862.4 feet, 
table 31). 


—862— 


U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
P= Chiseled arrow located on west edge of primary spillway. 
Elevation 867.4 feet. 
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Bathymetric map and table of areas/volumes of the Garden City (New) 
Lake near Garden City,’Missouri. 
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Elevation| Area | Volume 
acre-ft LOCATION MAP 
72.6 
108.8 
152.7 





Cass County 


203.7 
264.7 
337.7 


Lake elevations and respective 
surface areas and volumes. Top of spill- 
way structure is 862.4 feet. Approximate 
emergency spillway and top of dam elevations 
are 864.3 feet and 867.2 feet respectively. 
Elevations referenced to North American Vertical 
Datum 1988 (NAVD 88). 
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Table 14.1.b Lake elevations and respective 

surface areas and volumes. Top of spill- 

way structure is 892.1 feet. Approximate 

emergency spillway and top of dam elevations 
, ; are 893.0 and 895.0 feet respectively. 

— 890 — BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. %> Elevations referenced to North American 

Contour interval 2 feet. Vertical Datum 1988 (NAVD 88). 


—892—— WATER SURFACE—Shows elevation of water surface, April 6, 2004. 





EXPLANATION 


U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
located on north east corner of spillway. Elevation 893.52 feet. 


Figure 14.1.b 
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Garden City Lake Number 1 (Old Lake) 
Water Supply Study - Garden City, Missouri 
RESOP Model Results 
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Figure 14.3.b 
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Garden City Lake Number 2 (New Lake) 
Water Supply Study - Garden City, Missouri 
Storage Volume and Surface Area 
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Garden City Lake Number 1 (Old Lake) 


Water Supply Study - Garden City, Missouri 
Storage Volume and Surface Area 


—0O— Storage Volume —O=— Surface Area | 


Top of Dam Elevation = 895.0 feet 












Principal Spillway Elevation = 892.1 feet 
Volume = 177 acre-feet 
Surface area = 27.1 acres 
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Emergency Spillway Elevation 893.0 feet 
Volume = 202.9 acre-feet 
Surface Area = 30.4 feet 


Water Surface on April 6, 2004 
Elevation 892.0 feet 


Volume = 174.3 acre-feet 
Surface Area = 26.1 acres 
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Figure 14.4.b 
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Green City Lake 
Water Supply Study — Green City, Missouri 
Drought Assessment Analysis 


Green City Reservoir (figure 15.1) is located in the Green Hills Region of Northeast Missouri in 
Sullivan County. Green City is a rural community serving the agricultural necessities of the 
surrounding rural residents. Green City Reservoir has been the source of water supply for Green 
City, Greencastle and Sullivan Country rural water district. The Green City Reservoir serves a 
population of approximately 671 with an estimated water demand of 0.200 million gallons per day 
according to the 2008 Census of Missouri Public Water Systems (maintained by the Public 
Drinking Water Branch, Missouri Department of Natural Resources). Historic water use is 
displayed in figure 15.2. The Green City Reservoir also supplies a portion of water needs to 
Green Castle. The existing Green City Reservoir was built in 1974 having a drainage area of 
approximately 871 acres. There are two large private ponds located in this watershed with the 
total drainage area with 72 acres. The two ponds result in a reduction of the watershed drainage 
area to the Green City Reservoir of 8.2 percent. The effective drainage area for Green City 
Reservoir is about 800 acres. Over flow from these two ponds was not added as inflow to the 
Green City Reservoir because the pond spillage occurs during times of excessive rainfall, when 
Green City Reservoir is also spilling through the spillway. 


There are two spillways for the Green City Reservoir. The drop inlet spillway crest is at elevation 
1000 feet and the emergency spillway crest is at 1004 feet. The top of the dam is at 1011 feet 
creating a dam height of about 30 feet. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Normal demand for the long-term average water use of 182,500 gallons per day was analyzed 
along with the optimum yield (figure 15.3.a). The reservoir storage upper limit is 438 acre-feet, the 
principal spillway elevation is 438 acre-feet. The lower limit for the first run is set to 6.52 acre-feet, 
which is at the water intake level. An additional analysis was then made to set the lower limit at 
50 acre-feet, which is an estimate of useable water. The 50 acre-feet lower limit reduced the 
optimum demand from 148,600 gallons per day to 134,880 gallons per day. 


Water shortage during the drought of 1999 and 2000 necessitated the next analyses. The 
demand of 182,500 gallons per day was reduced to 90,000 gallons per day for the period 1955 
through 1959 by transferring the demand from the rural water districts to other sources of water. 
Normal and optimum demand analyses were made beginning at principal spillway elevation and 
the lower limit was 50 acre-feet. An additional normal demand was analyzed beginning at 100 
acre-feet of storage. The demand of 90,000 gallons per day was determined to be attainable 
(figure 15.3.b). 


ll. Drought Assessment Summary 


The Green City Reservoir is at risk of not meeting the community’s demand for water during times 
of drought without additional sources of water. The 1999 demand on the reservoir was 
approximately 183,000 gallons per day, and when this demand value is applied to the reservoir 
during the drought of record in the 1950’s, water deficits would have occurred between May 1956 
and June 1958. The estimated optimum yield from Garden City Reservoir is 134,880 gallons per 
day without additional water sources (figure 15.3.a). 
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Additional analysis of the lake was made to show conditions at the time of the drought period 
beginning in 1998. The 1950’s climate conditions were used to evaluate projected shortages. The 
rural water districts were transferred to another source of water supply to extend the duration of 
the existing water supply. With only Green City using the water, the reservoir would have enough 
to survive the 1950’s drought (figure 15.3.b). 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Green City Reservoir 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources. Surface area of the lake and associated storage volume 
capacities are illustrated in figure 15.4. 


Green City Reservoir Physical Data 

































































Green City Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-feet) Additional Notes 
982.0 1.5 0.6 
984.0 4.2 6.5 
986.0 8.3 18.8 
988.0 13.2 40.3 
990.0 19.9 73.2 
992.0 27.2 120.5 
994.0 32.0 179.6 
995.0 35.3 213.2 Lake Conditions on July 6, 2000 
996.0 38.7 250.1 
998.0 46.3 334.8 
1,000.0 57.7 437.9 Principal Spillway 
1,002.0 66.2 561.9 
1004.0 76.0 704.1 Emergency Spillway 
[LIMITS] 
MaXiMUM StOraGe.......... 0. ccc cece ee cece e ee cents teens nena ee eae neat 438 acre-feet. 
Minimum Storage......... 20. cece eee eee eee eee eee eee eee eee eeeeeeaeeaeees 6.52 and 50 acre-feet. 
Drainage Basin Size (effective area)... ............cceceeeeeeteeeeeee eee 1.25 square miles. 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1952 through December 1959. 
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[SEEPAGE] 


Seepage from Green City Reservoir is estimated to be approximately 1.00 inch per month when 
at or near full capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is 
bound by an earthen dam composed of compacted clay-rich materials - seepage through the dam 
is considered negligible. 


[RAINFALL] 
Precipitation values for the drought of record were obtained from Milan, Missouri 


Average precipitation in Milan was 37.2 inches between 1950 and 2000. The most severe 
drought occurred between 1952 and 1957 with annual precipitation values in Milan of 28.01 
inches, 26.22 inches, 34.07 inches, 36.22 inches, and 29.03 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Locust 
Creek gauge at Linneus. The drainage area monitored by this stream gauge covers 
approximately 550 square miles. When this regional runoff value is inconsistent with precipitation 
values recorded for Milan, individual storm events were considered. Antecedent rainfall was 
estimated for each storm event and adjustments to the Natural Resource Conservation Service’s 
(NRCS) runoff curve number were made to estimate direct runoff from each storm event (See 
Appendix A for additional information). 


[EVAP.] 

Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Green City Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 

[DEMAND] 

Green City has a daily use of 182,500 gallons per day. 

City records reported to Missouri Department of Natural Resources ‘Major water users data base’ 


were used to determined demand (figure 15.2). In 1999 Green City used a total 66,653,344 
gallons or 182,500 gallons of water per day. 
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Lake elevations and respective 
surface areas and volumes. Spillway 
elevation 1,004.0 feet. Datum is sea level. 
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EXPLANATION 








—g990—— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 








—995—— WATER SURFACE—Shows elevation of water surface, July 6, 2000 
(table 3). Datum is sea level. 


vs) U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled "plus" 
located on north edge of spillway. Elevation 1,004.0 feet. 
Datum is sea level. 
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Green City Reservoir 
Water Supply Study - Green City, Missouri 
Water Use 
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Green City Reservoir 
Water Supply Study - Green City, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand) 
—— Storage Volume (Optimum Demand - Minimum Storage - 6 acre-ft) 
—— Storage Volume (Optimum Demand - Minimum Storage - 50 acre-ft) 





gums NormalDemand = 182,500 gallons per day 
mum §=Optimum Demand = 148,600 gallons per day 
== =Optimum Demand = 134,880 gallons per day 


Storage Volume (acre-ft) 
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Figure 15.3.a 
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Green City Reservoir 
Water Supply Study - Green City, Missouri 
RESOP Model Results 
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Green City Reservoir 


Water Supply Study - Green City, Missouri 
Storage Volume and Surface Area 
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Emergency Spillway Elevation = 1004.0 feet 
1005 Volume = 704 acre-feet 
Surface Area = 76 acres 
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Water Surface on July 6, 2000 
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Volume (acre-ft) and Surface Area (acres) Figure 15.4 
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Hamilton Reservoir 
Water Supply Study — Hamilton, Missouri 
Drought Assessment Analysis 


Il. Overview 


The Hamilton reservoir system (figure 16.1) is located two miles west of the City of Hamilton in 
north central Caldwell County, Missouri. The reservoir system is the primary source of drinking 
water for the City of Hamilton as well as Caldwell County PWSD (Public Water Supply District) # 
2, which purchases all of its drinking water from Hamilton. The combined population served by 
the Hamilton reservoir system is approximately 1750 with an average consumption of 0.25 million 
gallons per day according to the 2008 Census of Missouri Public Water Systems (maintained by 
the Public Drinking Water Branch, Missouri Department of Natural Resources). 


The lake is not large enough, both in drainage area and capacity, to meet all of the demand 
during extended periods of dry weather. The drainage area of the lake is 1142 acres (1.78 Sq. 
Mi.). The city has installed a pump to divert water from Marrowbone Creek to the lake. The 
drainage area at the point of intake is 38.2 square miles. The pump is rated at 1000 gallon per 
minute and pumping availability was analyzed and added to the inflow to the lake. Only when flow 
in the creek would meet needs for in-stream flow. 


Hamilton reported using 180,000 gallon of water per day in year 2000 (figure 16.2). In addition, 
public water supply district #1 proposed to use another 80,000 gallons per day from Hamilton. 
The total demand would be 260,000 gallons per day. Water is now available in Little Otter 
Reservoir that is planned to be used to provide for Caldwell County demand for water. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


The lake would supply 180,000 gallons per day but get dangerously low at the beginning of 1958 
with only 100-acre feet left in the lake (figure 16.3.a). Using the yearly demand of 260,000 gallons 
per day, the lake would be emptied all of 1957 into 1958 (figure 16.3.b). Optimized demand for 
this lake without diverting from Marrowbone Creek is 190,000 gallon per day. 


ll. Drought Assessment Summary 


The Hamilton Reservoir is at risk of not meeting the community’s demand for water during times 
of drought without additional sources of water. The 2000 demand on the reservoir was 
approximately 180,000 gallons per day, and when this demand value is applied to the reservoir 
during the drought of record in the 1950’s, water for the 1,750 population could be met only if 
there were no increase in demand. The 1996 demand of 243,000 gallons per day would have 
resulted in water deficits in 1957 and 1958. The estimated optimum yield from Hamilton Reservoir 
is 190,000 gallons per day without additional water sources. 


Caldwell County PWSD (Public Water Supply District) # 1 made a request to be added to 
Hamilton’s water supply, requesting 80,000 gallons per day. The addition of 80,000 gallons per 
day on the system would result in deficits in all of 1957 and through June 1958. By diverting water 
from Marrowbone Creek, when stream flow allows, the demand of 260,000 gallons per day can 
be met with 300 acre-feet remaining in the reservoir. 
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Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Hamilton Reservoir 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on July 11, 2000. These relationships are illustrated in figure 
16.4. 


Hamilton Lake Physical Data 




































































Hamilton Reservoir 
Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

901.0 0.42 0.14 

903.0 4.37 4.47 

905.0 10.98 19.35 

907.0 17.18 46.95 

909.0 23.41 86.83 

911.0 29.35 139.49 

913.0 39.17 207.91 

915.0 48.36 295.03 

917.0 61.39 404.06 

919.0 73.65 539.65 

921.0 82.09 695.49 

921.6 84.77 745.49 Lake Conditions July 11, 2000 

923.0 90.50 868.80 

923.3 91.48 896.09 Spillway 
[LIMITS] 
Hamilton Lake 
MaxIMUM StOFA Ges. sas; .cc2edenpecccescep edantanedieded cheduaecncl cdeavsanededaacheddastastivecagit Ge 896 acre-feet 
MINIMUM -StOlAQE os -s.5c5. dies ceced scone edaaagtedighaehieeti Ase. .dhtagtaditdaacaedetgeshseesesteeediie 48 acre-feet 
Drainage basin SIZO o....... eee cece cece ee eeenneaaeee ce eeeeeeeaaaaaaeeeeeeetneeaeaaeas 1.78 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity for both lakes. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from the primary lake was estimated to be 1.0 inches per month when the reservoir is at 
or near full capacity and 0.0 inches per month as the water level approaches the lower limits of 
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the pool. The earthen dam on the Adrian Reservoir is composed primarily of clay-rich materials 
and seepage through the dam is minimal. 


[RAINFALL] 


Precipitation rates from Butler, Missouri (approximately 8 miles south of Adrian) were used for 
this analysis and supplemented with data from Appleton City, Missouri. Average annual 
precipitation in Butler from 1970 through 2000 was 42.05 inches. Annual precipitation in Butler 
from 1953 through 1957 was 28.8 inches, 35.7 inches, 28.4 inches, 21.3 inches, and 37.5 inches, 
respectively. 


[RAINFALL] 
Precipitation values for the drought of record were obtained from the Gallatin, Missouri gauge. 


Average precipitation in Gallatin was 36.6 inches between 1951 and 2001. Precipitation values 
for the drought of record were obtained from Gallatin, Missouri (approximately 14 miles north of 
Hamilton). The most severe drought occurred between 1953 and 1957 with annual precipitation 
values in Gallatin of 20.07 inches, 33.55 inches, 28.27 inches, 27.88 inches, and 42.38 inches, 
respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Jenkins Branch stream gauge (a tributary of the Platte River), located approximately 30 miles 
southwest of Hamilton. The drainage area monitored by this stream gauge covers approximately 
2.72 square miles. When this regional runoff value is inconsistent with precipitation values 
recorded for Hamilton, individual storm events were considered. Antecedent moisture was 
estimated for each storm event and adjustments to the Natural Resource Conservation Service’s 
(NRCS) runoff curve number were made to estimate runoff from each storm event (see Appendix 
A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Hamilton Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


Values for water usage by Hamilton are illustrated in figure 16.2. Hamilton water demand has 
varied from a high of 272,000 gallons per day in 1990 to a low of 173,000 gallons per day. This 
analysis assumed a normal demand to be 180,000 gallons per day without selling water to 
Caldwell County PWSD #2. With the PWSD the demand is 260,000 gallons per day. Optimum 
demand (yield) from Hamilton Reservoir without an additional source of water (pumping from the 
Marrowbone Creek) is 190,000 gallons per day. 


[OTHER] 
Additional water added to Hamilton’s water supply is accomplished by diverting from Marrowbone 
Creek (drainage area of 38.2 square miles) by pumping into Hamilton’s Reservoir. To determine if 


flow in the Marrowbone Creek has sufficient to allow pumping, the Crooked River gauge near 
Richmond Missouri (drainage area of 159 square miles) was evaluated. Adjustments to stream 
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flow were made based on ratio of drainage areas. Only when low flows exceeded 7-day duration 
10-year frequency low flow discharge (the amount determined for in-stream flow needs) was 
pumping allowed. The 7-day 10-year low flow was determined to be 2 cubic feet per second. 


Daily values were evaluated to establish the number of days available for pumping. The pump is 
rated at 1000 gallons per minute. 


165 


Missouri Department of Natural Resources 
Missouri Water Supply Study June 2011 


Water Resources Center 


HAMILTON LAKE 


LOCATION MAP 









B=Sam 


(feet) (acres) | (acre-ft) 
| 901.0] 0.4 OT 
| 903.0] 4.44.5 


Lake elevations and respective 
surface areas and volumes. Spillway 
elevation 923.9 feet. Datum is sea level. 


Caldwell County 


















































921 
0 600 1,200 1,800 FEET 
Poof | | | jf 
| | 
0 200 400 600 METERS 
EXPLANATION 
—911— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 
—92i—— WATER SURFACE—Shows approximate elevation of water surface, July 11, 2000 ee Pe ei 4 
(actual elevation 921.6 feet, table 2). Datum is sea level. 921 Se a le er al 


es) U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 
located on north edge of spillway. Elevation 923.9 feet. 
Datum is sea level. 


ZUSGS 


science for a changing world 


% 


=~ ps = 





x \) 
a : zar.sseiuinay Sy’ — 
het a fe 























Bathymetric map and area/volume table for Hamilton Lake near Hamilton, Missouri. 166 
Figure 16.1 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Hamilton, Missouri 
Water Supply Study 
Water Use 


—O— Water Use from Lake —O—Water Use from Marrowbone Creek —O—Total Water Use | 
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Figure 16.2 
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Hamilton Lake 
Water Supply Study - Hamilton, Missouri 
RESOP Model Results 





—— Normal Demand = Optimum Demand | 


Normal Demand (City Use) = 0.180 mgd 
Optimum Demand = 0.190 mgd 


Storage Volume (acre-ft) 





1951 1952 1953 1954 1955 1956 1957 1958 1959 


Years : 
Figure 16.3.a 
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Hamilton Lake 
Water Supply Study - Hamilton, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand without Diversion) 
—— Storage Volume (Optimum Demand without Diversion) 
—— Storage Volume (Normal Demand with Diversion) 


Normal Demand (City Only) = 0.180 mgd 
Normal Demand (PWSD#2 Added) = 0.260 mgd 
Optimum Demand = 0.190 mgd 





1953 1954 1955 1956 1957 1958 1959 


Years . 
Figure 16.3.b 
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Hamilton Lake 
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Storage Volume and Surface Area 
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Spillway Elevation = 924.3 feet 
Volume = 896 acre-feet 
Surface Area = 91.5 acres 


Water Surface on July 11, 2000 
Elevation = 921.6 feet 
Volume = 745.5 acre-feet 
Surface Area = 84.8 acres 











Storage volume (acre-ft) and Surface Area (acres) 


170 


900 1000 


Figure 16.4 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Eagleville Lake 
Harrison County PWSD #1 
Drought assessment analysis 


In the 2002 Harrison County Public Water Supply District #1 changed to Harrison County Lake for 
their water supply source. In the past, Eagleville Lake (figure 17.1) supplied water for Harrison 
County PWSD #1. This lake was built as part of the USDA Soil Conservation Service East Fork 
Big Creek PL-566 in cooperation with East Fork Big Creek Conservancy District's watershed 
project. It does not have planned water supply as part of the design of the lake. Water is drawn 
from the sediment pool. At the time of construction Eagleville elected not to include municipal 
water supply but requested use of the water in the sediment pool. As a result the lake is shallow. 
Because the lake is shallow, evaporation can be high. A holding basin for additional storage has 
been constructed downstream of the lake. There is a 2,290 feet long, 12-inch diameter pipe 
connecting the lake and the basin. The overflow elevation for the basin is the same elevation as 
the spillway of the lake and is at elevation 991.3 feet. As a result the pipe connecting the two 
water bodies serves as an equalization medium so that the water level is the same for each 
reservoir. The Harrison County PWSD #1 serves a population of approximately 900 with an 
estimated water demand of 0.06 million gallons per day according to the 2008 Census of Missouri 
Public Water Systems (maintained by the Public Drinking Water Branch, Missouri Department of 
Natural Resources). 


Harrison County Public Water Supply District #1 draws water directly from the reservoir to the 
treatment facility. Historical demand on the reservoir in 2000 was reported to be 86,000 gallons 
per day. Figure 17.2 illustrates historical water demand on the Eagleville Reservoir. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Two scenarios were modeled for Eagleville Reservoir. The model assumes that year 2000 
‘Normal’ demand for Eagleville is 86,000 gallons per day and that ‘Optimum’ yield from the lake is 
43,600 gallons per day. Figure 17.3.a illustrates these relationships. Figure 17.3.6 model shows 
remaining storage in the reservoir plus the basin. The RESOP model shows the normal and 
optimum analyses are about the same with normal demand being 86,000 gallons per day and 
optimum demand to be 87,000 gallons per day. 


The existing demand in year 2000 was 86,000 gallon per day. Optimized demand from the lake 
without the downstream storage basin is 43,600 gallon per day and the optimized demand from 
the lake in combination with the downstream storage basin is 87,000 gallon per day. 


ll. Drought Assessment Summary 


The Eagleville Reservoir is at risk of not meeting the community’s demand for water, during times 
of drought without use of the storage basin. The 2004 demand on the reservoir was 
approximately 59,000 gallons per day, and when this demand value is applied to the reservoir 
during the drought of record in the 1950’s, water deficits would have occurred in August 1957 and 
between October 1957 through January 1958, and in April 1958. The estimated firm yield from 
Eagleville Reservoir is 52,000 gallons per day without additional water sources. 
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Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Eagleville Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on May 28, 2003. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 17.4.a and 17.4.b. To determine total storage 
jointly in the basin, storage was estimated based on a surface area of 1.56 acres and a depth of 
16 feet. The combined values for the basin were determined by adding the lake and basin 
together. Following is the results of the lake survey. 


Eagleville Lake physical data 






































Eagleville Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-feet) Additional Notes 
985.0 3.4 1.0 
986.0 7.9 6.8 
987.0 11.4 16.4 
988.0 15.3 29.8 
989.0 20.7 47.4 Lake conditions May 28, 2003 
990.0 25.7 70.7 
991.0 27.7 97.6 
991.3 28.2 111.6 Spillway 














Because the overflows at spillway elevation are the same, the lake and downstream basin are at 
the same elevation, as a result they were treated as one basin. To treat the lake and basin as one 
reservoir the following table was used. 



























































Eagleville Reservoir plus Storage Basin 

Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

973.0 0.0 0.0 

974.0 1.56 0.8 

976.0 1.56 3.9 

978.0 1.56 7.1 

980.0 1.56 10.2 

982.0 1.56 13.3 

984.0 1.56 16.5 

985.0 5.0 19.1 

986.0 9.5 26.4 

987.0 13.0 37.6 

988.0 16.7 52.6 

989.0 22.3 71.7 

990.0 27.3 96.6 

991.0 29.3 125.1 

991.3 29.8 139.5 Spillway 
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[LIMITS] 


Eagleville Reservoir 
MaXiIMUM StOraQe ............:cecceece cece eeenee cece ce ee ee teea aaa aaaeeeeeeetneaaaaaeeeeeeeeteeaaaaa 111.6 acre-feet 


MINIMUM STOLAQG fee: s-ccseciees setetacogs ceueeguedapaanticeee Age. cadaghedeedeachotinai ia caleneetetec 5.5 acre-feet 
Drainage DaSin SIZO 2.2... eee eee eee eeeeennecaeee ee eeeeeeesaaaeaeeeeeeetnesneaeaaeas 7.40 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


Eagleville Reservoir including Basin 


Maximum StOrage iver coiceaeevsenegueaes ccycounca denpennddee ed dust poeyhiesne aves 139.5 acre-feet 
MIUMIMUMYSTOLAG C52 az cec cea tcgds casceeaccng suas saecgunds Fee eteeedsacetee faeneetvyancenaange-cceleanscans 5.5 acre-feet 
Drainage DaSIN SIZO o.oo... eee eect cece ee eeeceecaeeeceeeeeeeesaaaeaeceeeeeseeeeaaaaeees 7.40 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Eagleville Lake is estimated to be approximately 1.0 inch per month when at or 
near full capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound 
by an earthen dam composed of compacted clay-rich materials. 


[RAINFALL] 
Precipitation values for this analysis were obtained at Bethany, Missouri. 


Average precipitation in Eagleville was 36.4 inches between 1950 and 2000. Precipitation values 
for the drought of record were obtained from Bethany, Missouri (approximately 14 mile south of 
Eagleville). The most severe drought occurred between 1953 and 1957 with annual precipitation 
values in Bethany of 24.09 inches, 32.05 inches, 27.00 inches, 24.31 inches, and 32.27 inches, 
respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the East 
Fork Big Creek stream gauge, located at Bethany, Missouri. The drainage area monitored by this 
stream gauge covers approximately 95 square miles. When this regional runoff value is 
inconsistent with precipitation values recorded for Eagleville, individual storm events were 
considered. Antecedent moisture was estimated for each storm event and adjustments to the 
Natural Resource Conservation Service’s (NRCS) runoff curve number were made to estimate 
runoff from each storm event (see Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Rock House Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 
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[DEMAND] 


The water use for this study occurred in year 2000 averaging 86,000 gallons per day. Figure 17.2 
illustrates water use reported to “Missouri Department of Natural Resources” major water users 
database determined water demand. Eagleville reported using 30,660,000 gallons of water in 
2000 for an average 86,000 gallons of water per day. 
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Figure 17.2 
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Eagleville Lake 
Water Supply Study - Harrison County PWSD #1 
RESOP Model Results (Lake Only) 
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Eagleville Lake 
Water Supply Study - Harrison County Rural Water Districe #1 
RESOP Model Results - Combined Lake and Basin 
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Harrisonville Reservoir 
Drought Assessment analysis 
Harrisonville, Missouri 


I. Overview 


Harrisonville City Reservoir (figure 18.1) is located seven miles North of Harrisonville, Cass 
County, on a tributary to Big Creek. The reservoir provides water to Harrisonville and Cass 
County PWSD #10. They also have a well that can supply up to 509,000 gallons of water per day. 
The Harrisonville Reservoir serves a population of approximately 8,186 with a demand of 1.25 
million gallons per day according to the 2008 census of Missouri Public Water systems 
(maintained by the Public Drinking Branch, Department of natural Resources). 


The City of Harrisonville draws water directly from the reservoir to the treatment facility. Historical 
demand on the reservoir in 2003 was reported to be 1.32 million gallons per day. The demand 
2008 is reported to be 1.25 million gallons per day. The demand for this analysis was 1.40 million 
gallons per day. Figure 18.2 illustrates historical water use on the Harrisonville Reservoir. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Harrisonville Reservoir. Although one groundwater well is 
available to supplement this water supply, the contribution of this well to available supplies was 
not considered within the context of this model. The model assumes that ‘Normal’ demand for 
Harrisonville to be 1.40 million gallons per day and that ‘Optimum’ yield from the reservoir is 1.54 
million gallons per day. Figure 18.3 illustrates these relationships. 


ll. Drought Assessment Summary 


This analysis shows that the Harrisonville Reservoir would supply an average daily demand of 
1.40 million gallons per day. Optimum demand is determined to be 1.54 million gallons per day. 
Demand has been as high as 1.64 million gallons per day in 1989 and a low of 1.04 million 
gallons per day in 1994. From 1994 to 2004 demand has increasing at the rate of 25,000 gallons 
per day. As the city grows they will need to increase their water storage capacity. Current 
demand would have lowered the lake volume to about 1500-acre feet of storage 1957. The 
ground water well is capable of supplying 509,000 gallons of water per day. 


Ill, RESOP Model Parameters 

Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 

[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Harrisonville Reservoir 
Lake conducted by the United States Geological Survey (USGS) under contract from the Missouri 
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Department of Natural Resources on March 21, 2008. Surface area of the lake and associated 
storage volume capacity are illustrated in figure 18.4 


Harrisonville Reservoir Physical Data 
























































Harrisonville Reservoir 
Elevation | Area Volume 
(feet) (acres) (acre-feet) 
660.0 0.50 0.30 
664.0 10.1 16.0 
668.0 39.1 110 
682.0 105 381 
676.0 177 954 
680.0 229 1,770 
684.0 280 2,780 
688.0 325 4,000 
692.0 377 5,390 
696.0 427 6,990 Spillway and lake conditions on March 21, 2008 
[LIMITS] 
MaXiIMUM StOraGe............ce cee eee cee eee ete cesta estes sesstetitettesstitstsatsssssss 1.0990 acre-feet 
Minimum storage......... 20. ceceeeee eee eee eee eee eee eeeeeeetetestttttatesitsssattessessss+L000 acre-feet 
Drainage BaSin SIZC...... 2... cece ce ccc cee eee ee cee eee eee ee eee e ee ene ee a nee en ene nena 14.88 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought is in the 1950's. The analysis used in this model is January 1951 
and ended December 1959. 


[SEEPAGE] 


Seepage from Harrisonville Reservoir is estimated to be 4.0 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 


Precipitation values for the drought of record were obtained from the Harrisonville, Missouri rain 
gauge. 


Average annual precipitation for the 1951 through 2000 is 36.7. The most severe drought 
occurred between 1953 through 1957 with annual precipitation values of 28.8, 35.7, 28.4, 21.33, 
and 37.55 inches, respectively. Most of the 1957 rainfall occurred in the last three months of the 
year. As a result the most critical period of water storage is in the summer of 1957. 


[RUNOFF] 
A monthly runoff volume in watershed inches was determined from data collected from Backwater 
River gauge near Blue Lick for the period 1951 through 1954 and South Fork Blackwater River 


gauge near Elm for the period 1954 through 1959. When this regional runoff value is inconsistent 
with precipitation values for Harrisonville, daily precipitation rates were considered. Antecedent 
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rainfall was used to estimate soil moisture for each storm event and adjustments to the Natural 
Resource Conservation Service’s (NRCS’s) runoff curve number were made to estimate direct 
runoff from each storm event (See appendix A for additional information). 


[EVAP.] 
Pan evaporation data from Lakeside gauging station (near the Lake of the Ozarks) was used to 


estimate water loss from Harrisonville Reservoir due to evaporation. An adjustment factor of 0.76 
was applied to convert from pan to lake evaporation values. 


[DEMAND] 
Water demand was obtained from records submitted to Missouri Department of Natural 
Resources “Major Water Users Data Base” Harrisonville. Their water use has been steadily 


increasing since 1954. For this evaluation of 1.4 million gallons per day was assumed. During the 
period 1994 through 2003 demand steadily increased an average of 25,000 gallons per day. 
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Table 18.1 Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 896 feet. 


Elevations referenced to North American 
Vertical Datum 1988 (NAVD 88). 
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Figure 18.1 * 


Bathymetric map and table of areas/volumes of Harrisonville Lake near Harrisonville and Pleasant Hill, Missouri. 
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Harrisonville Reservoir 
Water Supply Study - Harrisonville, Missouri 
RESOP Model Results 
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Higginsville Reservoir 
Water Supply Study — Higginsville, Missouri 
Drought Assessment 


l. Overview 


The Higginsville reservoir system (figures 19.1) is located two miles east of the City of Higginsville 
on a tributary to Davis Creek in central Lafayette County, Missouri. The reservoir system is the 
primary source of drinking water for the City of Higginsville, Alma, Corder, Mayview and 
Laf/Jo/Saline County PWSD (Public Water Supply District) # 2, who purchases their drinking water 
from Higginsville. The combined population served by the Higginsville reservoir system is 
approximately 4,700 with an average consumption of 0.857 million gallons per day according to 
the 2008 Census of Missouri Public Water Systems (maintained by the Public Drinking Water 
Branch, Missouri Department of Natural Resources). 


The Higginsville reservoir system consists of a lower (primary) lake and a small upper lake that 
serves as a sediment control basin for Higginsville Lake. The Higginsville Reservoir system has 
been supplemented with water diverted from the Missouri River. Water can be diverted from the 
Missouri River with a pump rated at 1200 gallons per minute. Demand on the Higginsville 
Reservoir in 2000 was approximately 0.924 million gallons per day. The calculated optimum yield 
from the reservoir is only 0.456 million gallons per day. To meet the demand of 0.924 million 
gallons per day, raw water is pumped from the Missouri River into the reservoir. Historical water 
demand on the Higginsville Reservoir is illustrated in figure 19.2. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Two scenarios were analyzed for the Higginsville reservoir system using the RESOP model: 


1. The first scenario assesses the water budget for the reservoir with no additional sources of 
water (no diversion from the Missouri River). An analysis of ‘Normal’ demand (actual demand 
from 2000) was applied to the reservoir during the drought of record to assess potential water 
deficits. A second analysis for ‘Optimum’ demand was performed to determine the firm yield 
from the reservoir without additional water sources - this value represents the viable quantity of 
water available. Figure 19.3.a illustrates the relationship between these two results. When 
actual demand is applied to this scenario the reservoir is completely emptied and is not capable 
of supplying water to meet demand. The firm yield is insufficient to meet demand. 


2. The second scenario analyzes ‘Normal’ demand for the Higginsville reservoir system when 
additional water is pumped to the reservoir from the Missouri River (figure 19.3.b). It was 
determined that water diverted from the Missouri River to the reservoir would allow Higginsville 
to meet the 2000 demand of 0.924 million gallons per day. Higginsville Reservoir is estimated 
to be capable of meeting this demand with the water level in Higginsville Lake remaining above 
1000 acre-feet of storage. Pumping is continuous when the water level is between one and 
three feet below the spillway. The optimum yield, diverting the same volume of water from the 
Missouri River, was calculated to be 1.31 million gallons per day (figure 19.3.b). Figure 19.5 
illustrates the annual volume of water that would be required for diversion from the Missouri 
River during the evaluation period. 
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Figure 19.3.c illustrates the degree of water loss due to evaporation and seepage from the 
sediment control basin. 


ll. Drought Assessment Summary 


The Higginsville reservoir system without additional sources of water is not sufficient to meet 
demand. The 2000 demand of 0.924 million gallons per day, when applied to the reservoir during 
the drought of record (with no additional sources of water) would have resulted in water deficits 
from 1954 through 1958. The estimated firm yield from the Higginsville reservoir system without 
supplementary supplies is 0.456 million gallons per day. 


The Higginsville Reservoir system is capable of meeting and exceeding the 2000 demand of 0.924 
million gallons per day with additional water diverted to the reservoir from the Missouri River. The 
2000 demand of 0.924 million gallons per day can be met but water must be diverted from the 
Missouri River. Actual diversion of water from the Missouri River in 2001 averaged 0.81 million 
gallons per day, in 1989 an average of 0.789 million gallons per day was diverted. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided in 
Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Higginsville Reservoir 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on June 25, 2002. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 19.4.a and 19.4.b. 


Higginsville Lake Physical Data 



























































Higginsville Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-feet) Additional Notes 
736.0 3.3 1.8 
738.0 14.0 18.4 
740.0 30.4 62.3 
742.0 47.2 139.8 
744.0 67.8 254.8 
746.0 83.9 407.5 
748.0 98.6 589.9 
750.0 114.8 803.1 
752.0 129.3 1,048.1 
754.0 140.8 1,318.1 
754.7 145.2 1,418.1 Lake Conditions on June 25, 2002 
755.0 147.1 1,462.0 Spillway 
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Upper Lake (Sediment Control Basin) 
Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

758.0 9.1 4.3 

760.0 22.4 37.7 

762.0 32.2 94.1 

762.8 34.5 120.8 Lake Conditions June 26, 2002 

763.0 34.9 127.7 Spillway 
[LIMITS] 
Higginsville (Primary) Lake 
MAXIMUM StOlaQGe .........2.:eccceeeeece cece ee eeeeaeeeeeeeeeeeesecaeaeeeeeeeeeseeeieaeeeeeeetees 1,462.0 acre-feet 
MIUAIMUMT StOFag @ a.e2. ceca tdeds ested vereantdiartaseccuds pasetaus sd clans saegtaassegdiewenvandanareaes 50.0 acre-feet 
Drainage: DASIN SIZ sees: segas tae ceeeesen cduasedeedeune ens geaetven ccueasnegeatbeas ceuteesenede 2.66 square miles 
Upper Lake (Sediment Control Basin) 
MAXIMUM -StOraQe@ occeccs.cceccegeteiees {acteten cea ceeoegedve deh cdaag paeghineeaciedadesadeaty, 127.7 acre-feet 
MIUAIMUM STOFAQe aceccterss cosictsceeversts teecclisecewis pe ntamenia cigar paeeeaneeencceeaeeeecceus nites O acre-feet 
Drainage:'DASIN SIZC i ccsacccaceasecceesiscdgats deedeens pos genensesccdes to gunsy ee cutee eentex 2.70 square miles 
Combined drainage basin SIZC............cccccceceeceeeeeeeeeneeeeeeeeteeeeestaeeneees 5.36 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity for both lakes. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from the primary lake was estimated to be 2.0 inches per month when the reservoir is at 
or near full capacity and 0.0 inches per month as the water level approaches the lower limits of the 
pool. The earthen dam on the Higginsville Reservoir is composed primarily of clay-rich materials 
and seepage through the dam is minimal. 


Seepage for the sediment control basin is minimal and assumed to drain directly into the primary 
lake. A seepage rate of 0.2 inches per month was used for the upper lake when the lake is at 
maximum capacity and 0.0 inches when near empty. 


[RAINFALL] 

Precipitation rates from Lexington, Missouri (approximately 10 miles northwest of Higginsville) 
were used for this analysis. Average annual precipitation in Lexington is 37.2 inches. Annual 
precipitation in Lexington from 1953 through 1957 was 24.1 inches, 33.6 inches, 39.4 inches, 25.6 
inches, and 47.1 inches, respectively. 

[RUNOFF] 

A monthly runoff volume in watershed inches was determined from data collected from the 


Blackwater River stream gauge at Blue Lick for the period 1951 through 1954 and 1970 through 
2000, South Fork Blackwater River near Elm for 1954 to 1979. 
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When this regional runoff value is inconsistent with precipitation values recorded for Lexington, 
individual storm events were considered. Antecedent rainfall was determined for each storm event 
and adjustments to the Natural Resource Conservation Service’s (NRCS) runoff curve number 
were made to estimate runoff from each storm event (see Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were used 
to estimate water loss from Higginsville Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at New Franklin, or Columbia, 
Missouri, depending on which station had the most recent data. An adjustment factor of 0.76 was 
applied to derive this value. 


[DEMAND] 

Water demand for this analysis was the 2000 use. Water demand in 2000 was 0.924 million 
gallons per day, determined from information maintained in the Missouri Department of Natural 
Resources (Major Water Users Data Base). The total use in 2000 was 337,125,000 gallons. 
[OTHER] 


Other refers to water gained or lost from other sources; in this case it is the amount of water 
pumped to the reservoir from the Missouri River. 
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HIGGINSVILLE LAKE Volume 
(feet) | (acres) 


(acre-ft) 


Lower Lake 


LOCATION MAP 



























EXPLANATION 


Lafayette 


—760— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. County 


Contour interval 2 feet. Datum is sea level. 
—762.8— WATER SURFACE—Shows elevation of water surface, June 24-25, 2002 

(table 19). Datum is sea level. 

a U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 
on left overflow of upper concrete spillway. Elevation 763.0 feet. 
Datum is sea level. 

a U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
on second pier of water house walkway on upstream side. Elevation 758.3 feet. 
Datum is sea level. 
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a Bathymetric map and area/volume table for Higginsville Lake near Higginsville, Missouri. 
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Higginsville Reservoir 
Water Supply Study - Higginsville, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand Without Diversion) === Storage Volume (Optimum Demand Without Diversion) 


| Normal Demand = 0.972 mgd 
'}Optimum Demand = 0.456 mgd 


Storage Volume (acre-ft) 
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Figure 19.3.a 
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Higginsville Lake 
Water Supply Study - Higginsville, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand With Diversion) -——Storage Volume (Optimum Demand With Diversion) 


Normal Demand = 0.924 mgd 
' {Optimum Demand = 1.31 mgd 
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Figure 19.3.b 
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Higginsville Lake 
Water Supply Study - Higginsville, Missouri 
Storage Volume and Surface Area 
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Sediment Control Basin 
Water Supply Study - Higginsville, Missouri 
Storage Volume and Surface Area 
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Holden City Lake 


Water Supply Study — Holden, Missouri 
Drought Assessment Analysis 


Holden City Lake is located in Johnson County Missouri, about four miles Northwest of Holden 
(figure 20.1). Holden City Lake, Structure A-5 of the NRCS PL-566 watershed project, is located on 
a tributary to South Fork Blackwater River. Holden City Reservoir serves a population of 
approximately 2,389 with an estimated water demand of 0.250 million gallons per day according to 
the 2008 Census of Missouri Public Water Systems (maintained by the Public Drinking Water 
Branch, Missouri Department of Natural Resources). Holden has not been reporting their water 
use to the major water users database. The Safe Drinking Water Information System (SDWIS) 
database reports they are currently using an average of 0.250 million gallon per day. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Holden City Reservoir. The model assumes that ‘Normal’ demand 
for Holden is 0.25 million gallons per day and by using the volume of the basin allocated to 
sediment storage, ‘Optimum’ yield from the reservoir is 0.56 million gallons per day. Figure 20.3 
illustrates these relationships. 


ll. Drought Assessment Summary 


Holden City Reservoir is capable of supplying Holden’s water needs into the future. The demand on 
the Holden Reservoir is 0.25 million gallons per day leaving 1300 acre-feet in the reservoir. The 
estimated optimum yield is 0.56 million gallons per day. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided in 
Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Holden Lake conducted 
by the United States Geological Survey (USGS) under contract from the Missouri Department of 


Natural Resources on June 2, 2003. Surface area of the lake and associated storage volume 
capacity are illustrated in figure 20.4. 
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Holden City Lake Physical Data 































































































Holden Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-feet) Additional Notes 
802.0 0.07 0.01 
804.0 1.0 0.8 
806.0 3.2 4.9 
808.0 6.2 14 
810.0 10 31 
812.0 17 58 
814.0 26 101 
816.0 36 162 
818.0 47 245 
820.0 58 350 
822.0 74 480 
824.0 90 650 
826.0 105 840 
828.0 124 1,070 
830.0 143 1,340 
832.0 162 1,640 
834.0 184 1,990 
836.0 207 2,380 
837.0 222 2,590 
838.0 237 2,820 
840.0 262 3,320 
841.3 277 3,670 Lake Conditions on June 2, 2003 
841.8 292 3,810 Spillway 
[LIMITS] 
Ma€aXiIMUM StOraQGe...... 20. .:ecee eee ee eee eee eee eee eeee eters eeeee teeters SOLO acre-feet. 
MiniMUM StOrage......... 2.0 cee eee cece ee cee eee eee eects eee eeeaeeeteaeeseettsatttitissattessessss:200 acre-feet. 
Drainage DaSIN SIZ@ visidie. sci keep es elses EE ya ee 4.02 square miles. 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 

Seepage from Holden Lake is approximately 3.0 inch per month when at or near full capacity and 
approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an earthen dam 
composed of compacted clay-rich materials - seepage through the dam is considered negligible. 
[RAINFALL] 

Average precipitation in Holden was 40.0 inches between 1970 and 2000. Precipitation values for 


the drought of record were obtained from Warrensburg, Missouri (approximately 14 miles 
northeast of Holden). The most severe drought occurred between 1953 and 1957 with annual 
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precipitation values in Warrensburg of 25.4 inches, 32.7 inches, 34.7 inches, 21.1 inches, and 40.0 
inches, respectively. 


Average annual rainfall for the last 50 years is 40.0 inches at Warrensburg. Annual rainfall for 
1953 through 1957 is 25.4, 32.7, 34.7, 21.1, and 40.0 inches. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Blackwater River at Blue Lick and South Fork Blackwater River near Elm. The Blackwater River 
gauge at Blue Lick was used for the period of 1951 through June 1954 when the gauge at South 
Fork Blackwater began operation. When this regional runoff value is inconsistent with precipitation 
values recorded for Breckenridge, individual storm events were considered. Antecedent moisture 
was estimated for each storm event and adjustments to the Natural Resource Conservation 
Service’s (NRCS) runoff curve number were made to estimate runoff from each storm event (see 
Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were used 
to estimate water loss from Holden City Reservoir due to evaporation. An adjustment factor of 0.76 
was applied to convert from pan to lake evaporation. 


[DEMAND] 
Holden has not been reporting their water use because they were not a major water user. This 
RESOP run was for the daily use recorded in the SDWIS database. The daily amount for this 


analysis is 0.250 million gallons per day. In the future Holden will be reporting their usage as they 
now use enough water to be considered a major water user. 
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Figure 20.1 Bathymetric map and table of areas/volumes of the Holden City Lake near Kingsville, Missouri. In cooperation with 
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Holden City Lake 


Water Supply Study - Holden, Missouri 
Storage Volume and Surface Area 
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Shepherd Mountain Lake and 


Snowhollow Lake 
Water Supply Study - Ironton, Missouri 
Drought assessment analysis 


Il. Overview 


Shepherd Mountain Reservoir is located on an unnamed tributary to Stouts Creek in Iron 
County, in southeast Missouri (figure 21.1.a). Shepherd Mountain Reservoir provides 
Ironton’s water supply. It is located 1.75 miles west south west of Ironton. Upstream is 
Snowhollow Reservoir (figure 21.1.6), a privately owned lake located 3.7 miles northwest 
of Ironton. The Shepherd Mountain Reservoir serves a population of approximately 1,700 
with an estimated water demand of 0.1698 million gallons per day according to the 2008 
Census of Missouri Public Water Systems (maintained by the Public Drinking Water 
Branch, Missouri Department of Natural Resources). Figure 21.2 demonstrates the 
historical water use. 


lronton’s water supply, Shepherd Mountain Lake, has a drainage area of 3.32 square 
miles and provides potable water to approximately 1700 residents with 714 service 
connections. Upstream is Snowhollow Lake, which has a drainage area of 0.78 square 
miles. The total drainage area is 4.10 square miles. The city has an agreement with the 
owners of Snowhollow Reservoir to release water to the Shepherd Mountain Lake during 
periods of severe water shortage. Losses in the upper, Snowhollow Lake, are attributed 
to evaporation and seepage. Spillage from Snowhollow Reservoir during large rainfall 
events is added as inflow to the Shepherd Mountain Reservoir. In 2001 Ironton’s water 
needs was approximately 200,000 gallons per day. 


Average annual rainfall is 44.5 inches. Approximately two thirds of rainfall occurs from 
January through July, accounting for 80 percent of the annual water runoff filling 
Shepherd Mountain Lake. Lake surveys show the Snow Hollow Reservoir contains 321 
acre-feet of water and Shepherd Mountain Reservoir has 186 acre-feet. 


This water supply study was performed using the Reservoir Operation Study Computer 
Program (RESOP) developed by the Natural Resource Conservation Service (NRCS) of 
the United States Department of Agriculture (USDA). The RESOP model assesses the 
remaining water storage in a lake or reservoir by summing volumetric gains and losses 
on a monthly basis for a given year. Factors that are taken into account in the model 
include reservoir volume, drainage area, precipitation, seepage, evaporation, and others. 
Please refer to Appendix A for a more thorough description of the RESOP model 
program. 


One scenario was modeled for Shepherd Mountain Reservoir. The model assumes that 
‘Normal’ demand for Ironton is 200,000 gallons per day and that ‘Optimum’ yield from the 
lake is 226,000 gallons per day. On analysis of rainfall data, eastern Missouri has not had 
the extended dry periods that occur in northwest Missouri. The most severe water 
shortage occurred in 1964, as a result the evaluation period was from 1954 through 
1969. Figure 21.3.a illustrates these relationships. Figure 21.3.b illustrates the degree of 
water loss due to evaporation and seepage from Snowhollow Reservoir. 


ll. Drought Assessment Summary 
The Shepherd Mountain Reservoir is sufficient to meet Ironton’s demand. The 2001 


demand of 200,000 gallons per day, when applied to the reservoir during the drought of 
record would have resulted in water being dangerously low in December 1964 when only 
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33 acre-feet of water remained (figure 21.3.b). It would have been prudent to release 
water from Snowhollow Reservoir to assure that domestic need be met. The estimated 
optimum yield from Shepherd Mountain Reservoir was determined to be 226,000 gallons 
per day. 


This analysis demonstrates that lronton’s 2001 water demand on Shepherd Mountain 
Reservoir could be met during the most critical period of the 1950’s and 1960's. The 
critical period for this water supply study was based on total annual rainfall. The smallest 
annual rainfall of 18.95 occurred in 1956 but 1960 through 1967 was the longest 
extended period when rainfall was below average. Examination of the monthly rainfall 
and runoff shows that 1955 through 1969 had the most rainfall in the spring months and 
then becomes significantly drier beginning in June. As a result there was spillage from 
the Shepherd Mountain Lake in the spring and low lake levels in the same year. The 
result of this analysis indicates there would be 67-acre feet of water remaining in the lake 
in November 1956 and in December 1964 there would have been 33-acre feet remaining. 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each 
term represents one or more values that are used to calculate the modeled water balance 
for the given reservoir or lake. The descriptions that follow describe the methodology and 
protocol for deriving these values. A detailed description of the variables addressed by 
each control word is provided in Appendix A. 


[STO AREA] 


Volume and surface area data were derived from bathymetric surveys of Lake Show Me 
Reservoir and Old Memphis Reservoir. These were conducted by the United States 
Geological Survey (USGS) under contract from the Missouri Department of Natural 
Resources for Shepherd Mountain Reservoir and Snowhollow Reservoirs on July 10, 
2007. Surface area of the lakes and associated storage volume capacities are illustrated 
in figure 21.4.a and 21.4.b. 


Shepherd Mountain and Snowhollow Reservoirs Physical Data 



























































Shepherd Mountain Reservoir Snow Hollow Reservoir 
Elevation Area Volume Elevation Area Volume 
(feet) (acres) (acre-feet) (feet) (acres) (acre-feet) 
952.0 0.0 0.0 1256.0 0.1 0.0 
954.0 0.1 0.1 1258.0 0.5 0.5 
956.0 0.4 0.5 1260.0 1.3 2.3 
958.0 0.9 1.7 1262.0 2.5 6.1 
960.0 1.7 4.3 1264.0 3.9 12.5 
962.0 2.9 8.9 1266.0 5.4 21.7 
964.0 45 16.2 1268.0 6.8 34.0 
966.0 6.3 26.9 1270.0 8.5 49.3 
968.0 8 41.5 1272.0 10 68.2 
970.0 11 60.3 1274.0 12 g1 
972.0 16 85.4 1276.0 15 119 
974.0 19 121 1278.0 18 151 
976.0 20 161 1280.0 21 189 
976.9 21 179 1282.0 26 235 
977.2 21 186 1284.0 29 291 
1285.0 31 321 
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Water Resources Center Missouri Water Supply Study June 2011 
Shepherd Mountain Reservoir Snowhollow Reservoir 
Principal Spillway Elevation = 976.9 feet Spillway Elevation = 1285.0 feet 
Lake Conditions - July 10, 2007 Lake Conditions - July 10, 2007 
Elevation = 977.2 feet Elevation = 1285.0 feet 
[LIMITS] 
Shepherd Mountain Lake 
MaximUmM StOrage...... 2... :ccee eee ceeeee eee eee eee eteeeeeeeessattetsessststssaeeseeess 186 acre-feet 
MINIMUM StOrAGe...... 2.0... cece eee ee eee ee eeeeee tee tttteesttttitietttesssiessees 20 acre-feet 
Drainage baSIN SIZE......... 0.0 cece eect ee eeeteteteaeetttttsatesssessrd. 32 Square miles 


Snowhollow Lake 


Maximum Storage......... ccc cee eects eects eseeeeseeesstetitetststissiresee SOL acre-feet 
Minimum Pool Storage. ........ 2... cece eee eee eee cee eee eee eee eee eee ee eens eee ee eee 25 acre-feet 
Drainage DaSIN SIZE... ... 20... cece cee cee eee ee eee eee eee eee eae ee ee eaeeeee 0.78 square miles 
Combined drainage area......... 0... cee ceeese eee eee eeeeetsetesssestttesesee 4,10 Square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950’s through the 1960’s. The analysis 
period for this model is January 1951 through December 1969. 


[SEEPAGE] 


Seepage from Shepherd Mountain and Snowhollow Reservoirs were estimated to be 
equal at 5.0 inches per month when at or near full capacity and approaches 0.0 inch as 
the reservoirs are emptied. The reservoirs are bound by an earthen dams composed of 
compacted clay-rich materials - seepage through the dam is considered negligible. 


[RAINFALL] 


Precipitation values for the drought of record were obtained from Arcadia, Missouri 
(Located 2 miles south of Ironton). 


Average precipitation at Arcadia was 44.5 inches between 1950 and 1996. Rainfall is 
distributed fairly evenly throughout the year and southeast Missouri does not experience 
the extended periods of drought as northern Missouri. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from 
the Black River stream gauge near Annapolis for the period 1951 through 1954. For the 
period 1955 through 1969 Barnes Creek near Fredericktown was used. When this 
regional runoff value is inconsistent with precipitation values recorded for Arcadia, 
individual storm events were considered. Antecedent moisture was estimated for each 
storm event and adjustments to the Natural Resource Conservation Service’s (NRCS) 
runoff curve number were made to estimate runoff from each storm event (see Appendix 
A for additional information). 
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[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) 
were used to estimate water loss from Shepherd Mountain and Snowhollow Reservoirs 
due to evaporation. This data was compared with evaporation data from stations at St. 
Louis Missouri. An adjustment factor of 0.76 was applied to convert from pan to lake 
evaporation. 


[DEMAND] 


Data reported by Ironton to the Missouri major water users database for the period 1989 
through 2001 shows the city’s water needs in 2001 to be 200,000 gallons per day that is 
used for this analysis. (Figure 21.2) 


Their water use declined to 120,000 gallons per day in 1995 and has been steadily 
increasing to 200,000 gallons per day in 2001 then fell to 170,000 gallons per day in 
2004. For this analysis 200,000 gallons per day was used. It was not necessary to 
release water from Snowhollow Lake to meet Ironton’s demand. 
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SHEPHERD MOUNTAIN 
LAKE 





Os LOCATION MAP 
~~) lron County 
feet acres) | (acre-ft 
| 952.0 | 00 | 00 | 
> 
“3 | 958.0 | 09 | 17 | 
| 962.0 | 29 | 89 | 


968.0 | 8 | 47.5 _| 
[e772 [| 21 | 166 | 


Table 21.1.a Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of primary spillway structure is 
976.9 feet. Elevations referenced to North 
American Vertical Datum 1988 (NAVD 88). 
Note: Volumes calculated from surface 

testing 0.92 feet vertical accuracy at 95 
percent confidence level. 


























EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of 
the lake bottom. Contour interval 2 feet. 
Contours tested 1.20 feet vertical accuracy at 
95 percent confidence level. 


WATER SURFACE—Shows elevation of water 
surface, July 9-10, 2007 (table 1). 


U. S. GEOLOGICAL SURVEY REFERENCE 
MARKER—Chiseled arrow on northeast corner 
of intake structure. Elevation 982.2 feet. 
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Figure 21.1.a 
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Figure 21.1.a Bathymetric map and table of agggs/volumes of Shepherd Mountain Lake near Ironton, Missouri.Missouri Department 
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Figure 21.1.b 


science for a changing world Figure 21.1.6 Bathymetric map and table of areasjyplumes of Snow Hollow Lake near Pilot Knob, Missouri. 






Elevation| Area | Volume 
feet acres acre-ft 


June 2011 


12560] 01 | 00 
1368.0 | 68 | 34.0 


Table 21.1.b Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 1285 feet. 
Elevations referenced to North American 


Vertical Datum 1988 (NAVD 88). 


Note: Volumes calculated from surface 
testing 1.17 feet vertical accuracy at 95 


percent confidence level. 


EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the lake 
bottom. Contour interval 2 feet. Contours tested 1.48 feet 
vertical accuracy at 95 percent confidence level. 


WATER SURFACE—Shows approximate elevation of water 
surface (actual was 1285.3 ft), July 10, 2007 (table 1). 


U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 


Chiseled arrow on north side of fishing dock. 
Elevation 1287.1 feet. 
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Shepherd Mountain Lake 
Water Supply Study - Ironton, Missouri 
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Shepherd Mountain Reservoir 


Water Supply Study - Ironton, Missouri 


Resop Model Results 
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Storage Volume (acre-ft) 
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Snowhollow Reservoir 
Water Supply Study - Ironton, Missouri 
RESOP Model Results 
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Shepherd Mountain Reservoir 
Water Supply Study - Ironton, Missouri 
Storage Volume and Surface Area 
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Elevation (ft) 


Snowhollow Reservoir 
Water supply study - Ironton, Missouri 
Storage Volume and Surface Area 
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Jamesport Reservoir 
Water Supply Study — Jamesport, Missouri 
Drought Assessment Analysis 


l, Overview 


Jamesport Reservoir (figure 22.1) is located in east central Daviess County, Missouri. The 
Jamesport Lake is located approximately two miles north of Jamesport, north of highway 6. 
Jamesport Reservoir supplies Jamesport with water to meet their demand. The Jamesport 
Reservoir serves a population of approximately 600 with an estimated water demand of 65,000 
gallons per day according to the 2008 Census of Missouri Public Water Systems (maintained by 
the Public Drinking Water Branch, Missouri Department of Natural Resources). Drainage area of 
the lake is 900 acres. Jamesport Lake was critically low in 1988 and since then, the lake was 
enlarged to provide additional storage. 


Jamesport is not considered a major water user. As a result they have not been reporting their 
historical water use to Missouri Department of Natural Resources. The Safe Drinking Water 
Information System (SDWIS) database indicates they are currently using an average of 60,000 
gallons per day. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage ina 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Jamesport Reservoir. The model assumes that ‘Normal’ demand 
for Jamesport is 60,000 gallons per day and that ‘Optimum’ yield from the lake is 69,050 gallons 
per day. Figure 22.3 illustrates these relationships. 


ll. Drought Assessment Summary 


The Jamesport Reservoir meets Jamesport’s water demand of 60,000 gallons per day. In 1956 
the lake would have had 33 acre-feet remaining in the reservoir. The demand on the reservoir 
was approximately 60,000 gallons per day, and when this demand value is applied to the 
reservoir during the drought of record in the 1950’s, water remaining in the reservoir would be 
alarmingly low. 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of James Port Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on July 16, 2000. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 22.4. 
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Jamesport Lake Physical Data 






























































Jamesport City Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-feet) Additional Notes 
869.0 0.01 0.001 
871.0 0.43 0.35 
873.0 1.47 2.14 
875.0 2.78 6.39 
877.0 4.39 13.54 
879.0 6.25 24.07 
881.0 9.62 39.38 
883.0 12.44 61.53 
885.0 15.02 89.26 
887.0 17.04 121.15 
889.0 19.49 157.52 Lake Conditions on July 16, 2000 
889.3 20.14 163.46 Spillway 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model 
is January 1951 through December 1959. 


[LIMITS] 

Maximum StOrage...... 2.2... ceceeeeeeeee eects eee eeeeeeeeeeeeseettttttittssttiesseee ss 163.5 acre-feet 
Minimum: Pool: Storage ses cy..ccccee fiend pera eedenciei dieu iad Man steiateeiagerieih iterates 10 acre-feet 
Drainage baSIN SIZE......... 6... cece eee ee eee eee ee eteeee ttt ttitetttttttteeseeee lL. 41 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[SEEPAGE] 


Seepage from Jamesport Reservoir is approximately 2.0 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 
Precipitation values for the drought of record were obtained from the Gallatin, Missouri gauge. 


Average precipitation in Gallatin was 36.6 inches between 1951 and 2001. Precipitation values 
for the drought of record were obtained from Gallatin, Missouri (approximately 3 miles west of 

Gallatin). The most severe drought occurred between 1953 and 1957 with annual precipitation 
values in Gallatin of 20.07 inches, 33.55 inches, 28.27 inches, 27.88 inches, and 42.38 inches, 
respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Weldon River stream gauge at Mill Grove Missouri (a tributary of the Grand River), located 
approximately 27 miles northeast of Jamesport. These values were compared to the runoff at the 
East Fork Big Creek located at Bethany. When this regional runoff value is inconsistent with 
precipitation values recorded for Jamesport, individual storm events were considered. Antecedent 
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rainfall was estimated for each storm event and adjustments to the Natural Resource 
Conservation Service’s (NRCS) runoff curve number were made to estimate runoff from each 
storm event (see Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Jamesport Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 
The demand used for Jamesport’s analysis came from Missouri safe drinking water information 


system (SDWIS). They reported Jamesport is 60,000 gallons per day, which was used for this 
analysis. 
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JAMESPORT CITY LAKE Volume 
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EXPLANATION 


—s8si— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 


—889— WATER SURFACE—Shows elevation of water surface, July 16, 2000 
(table 5). Datum is sea level. 


es) U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 
located on north edge of spillway. Elevation 889.3 feet. 


Datum is sea level. 
ny 
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science for a changing world Bathymetric map and area/volume table for Jamesport City Lake near Jamesport, Missouri. e = fagues 22.4 
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Jamesport Lake 
Water Supply Study - Jamesport, Missouri 
Storage Volume and Surface Area 
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King City Reservoirs 
Water Supply Study — King City, Missouri 
(South Lake and three North Lakes) 
Drought Assessment Analysis 


King City is located in Southwest Gentry County on Highway 169, South of Stanberry. The King 
City water supply system is made up of a system of four lakes. The South Lake was 
constructed following the drought of the late 1980’s and is located two miles Southeast of King 
City (figure 23.1). There are three North Lakes, which make up the original water supply lakes 
and are about one mile Northeast of King City. These lakes are in series. In addition to the four 
lakes system two small ponds were constructed to control sediment. One of these is upstream 
of the Lower North Lake and the other is upstream of the Upper North Lake. 


The City of King City draws water directly from the reservoirs to the treatment facility. The King 
City Reservoir system serves a population of approximately 1,187 with an estimated water 
demand of 0.110 million gallons per day according to the 2008 Census of Missouri Public 
Water Systems (maintained by the Public Drinking Water Branch, Missouri Department of 
Natural Resources). 


Historical demand on the reservoir has been nearly steady between 1988 through 2001. The 
highest average daily demand was reported to be 125,000 gallons per day in 1994. Figure 23.2 
illustrates historical water demand on the King City Reservoir system. 


The drainage area of the South Lake is 0.86 square miles. Drainage areas for the 3 north lakes 
are Upper North Lake having 0.09 square miles, Middle North Lake 0.375 square miles and 
Lower North Lake is 0.334 square miles. Total drainage area for the North Lakes system is 
0.799 square miles. During large rainfall events discharge through Upper North Lake’s spillway 
was added to the inflow to Middle North Lake’s inflow and then discharge through its spillway is 
added to Lower North Lake’s inflow. 


To determine the demand required from each reservoir, the optimum demand from each 
reservoir in the four-lake system was determined. Proportioning of the reported 125,000 gallons 
per day usage reported by King City was made by the percent of total optimum demand met by 
each reservoir. 


South Lake would supply an average of 73,500 gallons per day of the optimum demand of 
78,000 gallons per day. 


Lower North Lake would supply an average of 39,400 gallons per day of the optimum demand 
of 42,000 gallons per day. 


Middle North Lake would supply an average of 7,300 gallons per day of the optimum demand 
of 7,800 gallons per day. 


Upper North Lake would supply an average of 4,875 gallons per day of the optimum demand of 
5,255 gallons per day. 


This water supply study was performed using the Reservoir Operation Study Computer 
Program (RESOP) developed by the Natural Resource Conservation Service (NRCS) of the 
United States Department of Agriculture (USDA). The RESOP model assesses the remaining 
water storage in a lake or reservoir by summing volumetric gains and losses on a monthly 
basis for a given year. Factors that are taken into account in the model include reservoir 
volume, drainage area, precipitation, seepage, evaporation, and others. Please refer to 
Appendix A for a more thorough description of the RESOP model program. 


One scenario was modeled for King City’s water supply system of reservoirs. The model 
assumes that ‘Normal’ demand for King City is 125,000 gallons per day. Optimum yield from 
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the system of lakes is 133,250 gallons per day. Figures 23.3.a, 23.3.6, 23.3.c and 23.3.d 
illustrate these relationships. 


ll. Drought Assessment Summary 


The King City system of reservoirs meets their current demand for water during the historical 
drought of record occurring in the 1950's without an additional source of water. The 1994 
demand on the reservoirs was 125,000 gallons per day, and when this demand value is applied 
to the reservoir system water supply would be dangerously low with no room for expansion. 
The estimated optimum yield from King City Reservoir system is 133,250 gallons per day. The 
most critical period occurred 1957 and 1958. After analyzing effects of 125,000 gallons per day 
on the reservoir system, South Lake would have 36 acre-feet remaining in the lake, Lower 
North Lake would have 52 acre-feet, Middle North Lake would have 21 acre-feet and Upper 
North Lake 8 acre-feet. 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the 
given reservoir or lake. The descriptions that follow describe the methodology and protocol for 
deriving these values. A detailed description of the variables addressed by each control word is 
provided in Appendix A. 


[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of King City Lakes were 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on April July 19, 2000. Surface area of the lake and 
associated storage volume capacities are illustrated in figures 23.4.a, 23.4.b, 23.4.c, and 































































































23.4.d. 
South Reservoir Lower North Reservoir 
Elevation Area Volume Elevation Area Volume 
(feet) acres) (acre-feet) (feet) (acres) (acre-feet) 
1010 0.02 0.003 1016 0.85 0.17 
1012 0.54 0.38 1017 3.82 2.17 
1014 2.36 2.97 1018 7.66 8.00 
1016 5.15 10.55 1019 9.98 16.92 
1018 8.08 23.83 1020 11.93 27.91 
1020 11.24 43.23 1021 13.54 40.65 
1022 15.05 69.38 1022 14.83 54.86 
1024 18.60 103.34 1023 16.04 70.28 
1025.4 21.09 131.03 1024 17.17 86.90 
1026 22.36 144.06 1025 18.19 104.59 
1028 27.02 193.35 1026 19.27 123.33 
1030 32.83 252.81 1027 20.61 143.23 
1032 39.42 324.85 1028 21.77 164.45 
1034 47.66 411.55 1029 22.98 186.83 
1030 23.93 210.30 
1031 24.81 234.67 
1031.7 25.42 252.24 
1032 25.67 259.91 
1033 26.49 285.99 
1034 27.29 312.88 
1034.7 27.84 332.17 
Waters Surface Elevation on July 19, 2000 Waters Surface Elevation on July 19, 2000 
= 1025.4 feet = 1031.7 feet 
Spillway Elevation = 1034.0 feet Spillway Elevation = 1034.7 feet 
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Middle North Reservoir Upper North Reservoir 


Elevation Area Volume Elevation Area Volume 
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Waters Surface Elevation on July 19, 2000 
= 1034.6 feet 
Spillway Elevation = 1035.0 feet 


Waters Surface Elevation on July 19, 2000 
= 1049.7 feet 
Spillway Elevation = 1053.0 feet 


















































Sediment Pond 1a Sediment Pond 3a 
Located upstream of Lower North Lake Located upstream of Upper North Lake 
Elevation Area Volume Elevation Area Volume 

(feet) (acres) (acre-feet) (feet) (acres) (acre-feet) 
1031 0.44 0.30 1034 0.19 0.08 
1032 0.86 0.94 1035 0.64 0.36 
1032.6 1.33 1.57 1036 0.81 1.08 
1033 1.42 2.13 
1034 1.62 3.65 
1034.7 1.77 4.83 








Water Surface Elevation on July 19, 2000 


=1032.6 feet 


Spillway Elevation = 1032.7 





Water Surface Elevation on July 19, 2000 


= 1035.0 feet 


Spillway Elevation = 1036.0 feet 





[LIMITS] 


South Lake 

Maximum storage 
Minimum storage 
Drainage basin size 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


Lower North Lake 


Maximum storage 
Minimum storage 
Drainage basin size 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
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Middle North Lake 


MAXIMUM StOlaQe ..........cceccceceeeeeeneeee eee eeeeteesaaaeaeeeeeeetnesaeaeaeeeeeeeesnenaaaaeeeeeess 65 acre-feet 
MINIMUM StOLAGE ..........cceeceeceeeeeceeceeceeeeee cece ce eaaeeeeeeeeesecaaeeeeeeeeeeseseesieaeeeeeess 20 acre-feet 
Drainage basin SIZE ........... cee ceecceeeeeseeneenece eee eeeeeeseesaeaeeeeeeeeetseaaaeeeeees 0.375 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


Upper North Lake 


MaxIMUmM Storage ti eessage.teteuncts tect dvaed dedeheatelsae idee dads ieee ee aeons 39 acre-feet 
MINIMUM STOFAGE? «3. ctusauees dat ecaetuen noth bea cenge dnd canet in ved adh batteuia pees captel neve’ 6 acre-feet 
Drainage DASIN'SIZG ests. det ceeeten neta ee eene ded cee awe arta needed 0.090 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from each of the King City Lakes was estimated to be approximately 1.0 inch per 
month when at or near full capacity and approaches 0.0 inches as the reservoir is emptied. The 
reservoirs are bound by earthen dams composed of compacted clay-rich materials - seepage 
through the dams are considered negligible. 


[RAINFALL] 


Average precipitation at Lake Viking was 36.80 inches between 1950 and 2000. Precipitation 
values for the drought of record were obtained from Gallatin, Missouri (approximately 3 mile 
west of Lake Viking. The most severe drought occurred between 1953 and 1957 with annual 
precipitation values in Gallatin of 22.71 inches, 31.70 inches, 27.97 inches, 22.29 inches, and 
26.38 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected at the White 
Cloud Creek gauge near Maryville. When runoff did not appear reasonable compared to 
rainfall, it was necessary to examine daily rainfall values for that month. Antecedent moisture 
was estimated for each rainfall event and adjustments to NRCS’S runoff curve number was 
made to arrive at direct runoff for each storm. (See Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from King City Reservoirs due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent 
data. An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


Water demand was obtained from records reported by the city records to Missouri Department 
of Natural Resources “Major Water Users Data Base”. Their water use has been nearly steady 
between 1988 and 2001 declining. The largest average daily usage occurred in 1994 witha 
daily use of 125,000 gallons per day. To determine the volume to be used from each lake, an 
optimized analysis was made and the same percentages for each lake were used to distribute 
the 125,000 gallons per day between the four-lake system to obtain current demand. 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 


WATER SURFACE—Shows elevation of water surface, July 19, 2000 
(table 7).Datum is sea level. 


U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 


located on east side of boat ramp (unstable surface). Elevation 1029.8 feet. Figure 23.1 
Datum is sea level. 


Bathymetric map and table of areas/volumes of the King City South Lake near King City, Missouri. 
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King City Lakes 
Water Supply Study - King City, Missouri 
Water Use 


—O—Water Use == Trend | 
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King City Lake (South) 
Water Supply Study - King City, Missouri 
RESOP Model Results 








Storage Volume (Normal Demand) == =Storage Volume (Optimum Demand) 





Storage Volume (acre-ft) 
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Years Figure 23.3.a 
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King City Lake (Lower North) 
Water Supply Study - King City, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand) ===Storage Volume (Optimum Demand) 
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Figure 23.3.b 
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King City Lake (Middle North) 
Water Supply Study - King City, Missouri 
RESOP Model Results 
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Figure 22.3.c 
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Storage Volume (acre-ft) 


King City Lake (Upper North) 
Water Supply Study - King City, Missouri 
RESOP Model Results 





— Storage Volume (Normal Demand) ——Storage Volume (Optimum Demand) 





AG 6 os oa Pot a eee ot eed Normal Demand = 4,875 gallons per day foe Pe ee Poe Se ee 
Optimum Demand = 5,255 gallons per day 
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Figure 23.3.d 
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King City South Lake 
Water Supply Study - King City, Missouri 
Storage Volume and Surface Area 





—O— Storage Volume —O—Surface Area | 


June 2011 








Water Surface on July 19, 2000 
Elevation = 1025.4 feet 
Volume = 131 acre-feet 
Surface Area = 21 acres 











Storage Volume (acre-ft) and Surface Area (acres) 
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King City Lower North Lake 
Water Supply Study- King City, Missouri 
Storage Volume and Surface Area 


—o— Storage Volume —©— Surface Area | 





Spillway Elevation = 1034.7 feet 
Volume = 332 acre-feet 
Surface Area = 28 acres 


Water Surface on July 19,2000 
Elevation = 1031.7 feet 


Volume = 252 acre-feet 
Surface Area = 25 acres 
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King City Middle North Lake 
Water Supply Study - King City, Missouri 
Storage Volume and Surface Area 





—O— Storage Volume ——Surface Area 


June 2011 





Spillway Elevation = 1035.0 feet 
Volume = 66 acre-feet 
Surface Area = 10 acres 


Elevation (ft) 


Water Surface on July 19, 2000 
Elevation = 1034.6 feet 
Volume = 62 acre-feet 

Surface Area = 10 acres 











Storage Volume (acre-ft) and Surface Area (acres) 
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Figure 23.4.c 
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King City Upper North Lake 
Water Supply Study - King City, Missouri 
Storage Volume and Surface Area 


—o— Storage Volume —O—Surface Area 
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Elevation = 1049.7 feet 
Volume = 25 acre-feet 
1044 - Surface Area = 4 acres 
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Forest and Hazel Creek Lakes 
Water Supply Study — Kirksville, Missouri 
Drought Assessment Analysis 


Il. Overview 


Kirksville is in north central Missouri in Adair County. Kirksville’s water supply comes from two 
sources. The largest is Forest Reservoir (figure 24.1.a) located approximately 3.5 miles 
southwest of the city, and the other is Hazel Creek Reservoir (figure 24.1.b) located 
approximately 6 miles northwest of the city. The City of Kirksville also sells finished water to Adair 
County PWSD # 1. The two reservoirs serve a population of approximately 17,000 with an 
estimated water demand of 2.90 million gallons per day according to the 2008 Census of Missouri 
Public Water Systems, maintained by the Public Drinking Water Branch, Missouri Department of 
Natural Resources (Figure 24.2). 


Historical demand on the reservoirs in 2000 was reported to be 2.90 million gallons per day. 
Water demand for this model was 2.90 million gallons per day and was distributed between the 
two lakes. Water use peaked at 3.74 million gallons per day in 1998 and then returned to 
expected demand in 1999. Figure 24.2 illustrates historical water demand on both the Forest 
Reservoir and Hazel Creek Reservoir. The water use trend has been increasing at a rate of 2.06 
percent per year. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage ina 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


To determine fair share demand from the each of the two reservoirs, proportions of the optimum 
demands from each lake was determined and this ratio contributed its share of the 2.90 million 
gallons per day. Forest Lake optimized demand is 3.53 million gallons per day (71%) and Hazel 
Creek Lake is 1.95 million gallons per day (29%). This approach shows Forest Lake would supply 
2.06 million gallons per day and Hazel Creek Lake would supply 0.84 million gallons per day. 


RESOP model analysis of Forest Lake and Hazel Creek Lake consisted of analyzing the total 
demand of 2.90 million gallons per day from each reservoir. The proportioned share assigned to 
each reservoir was evaluated as the normal demand from each reservoir. Forest Reservoir and 
Hazel Creek Reservoir would contribute 2.06 and 0.84 million gallons per day respectively. 
Optimum yield from each reservoir was then computed. Figures 24.3.a and 24.3.b demonstrate 
these results. 


ll. Drought Assessment Summary 


The RESOP analysis of Forest and Hazel Creek Reservoirs demonstrate that Kirksville’s demand 
will be met for the foreseeable future. The 2000 demand on the reservoirs was approximately 
2.90 million gallons per day, and when this demand value is applied to the reservoirs during the 
drought of record in the 1950’s, the combination of the two reservoirs would meet Kirksville 
demand. The estimated optimum yield from Forest Reservoir is 3.53 million gallons per day, and 
Hazel Creek Reservoir’s optimum yield is 1.95 million gallons per day. If the demand of 2.90 
million gallons per day were taken from Hazel Creek Reservoir only, the reservoir would be 
emptied from January 1956 through December 1958. Forest Reservoir would supply the demand 
of 2.90 million gallons per day without any input from Hazel Creek Reservoir. 
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lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Forest Reservoir and 
Hazel Creek Reservoirs conducted by the United States Geological Survey (USGS) under 


contract from the Missouri Department of Natural Resources on March 2-4, 2005. Surface area of 
both reservoirs and associated storage volume capacity are illustrated in figure 24.4a and 24.4.b. 


Forest Reservoir and Hazel Creek Reservoir Physical Data 














































































































Forest Reservoir Hazel Creek Reservoir 
Elevation Area Volume Elevation Area Volume 
(feet) (acres) (acre-ft) (feet) (acres) (acre-ft) 
752 0.5 0.2 800 0.2 0.1 
754 2.7 3.0 802 0.9 1.0 
756 12.5 15.0 804 4.3 5.0 
758 33.4 61.9 806 16.1 23.7 
760 57.9 152 808 30.1 71.9 
762 81.6 293 810 42.0 143 
764 103 476 812 54.6 240 
766 126 705 814 69.8 365 
768 149 979 816 83.2 518 
770 177 1,300 818 97.4 698 
772 203 1,680 820 114 909 
774 231 2,120 822 134 1,160 
776 246 2,600 824 154 1,450 
778 274 3,130 826 175 1,770 
780 302 3,700 828 197 2,150 
782 329 4,330 830 220 2,560 
784 358 5,020 832 244 3,030 
786 382 5,760 834 270 3,540 
788 406 6,550 836 295 4,110 
790 430 7,380 838 323 4,720 
792 455 8,270 840 356 5,400 
794 478 9,200 842 388 6140 
796 506 10,200 844 421 6,950 
798 537 11,200 846 456 7,830 
800 577 12,300 847.8 493 8,680 
800.2 583 12,500 
Spillway Elevation = 800.2 feet Spillway Elevation = 847.8 feet 
Water Surface Elevation on Water Surface Elevation on 
March 1-2, 2005 = 800 feet March 2-4, 2005 = 847.2 feet 
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[LIMITS] 
Forest Reservoir 
MaximUmM StOrage......... 2:0 cee eee cece ee eee eee eee eteaeeseeetsatetttetssttttsatserssseesL2,500 acre-feet 
MINIMUM STOFAQE..2) ecacd ane tacend etees aia eb eed andes ubesee de gee sabda.seenatea bre teehee 490 acre-feet 
Drainage baSin SIZ@... 20.0.0... ccc cee cee cee eee ee neces eden e ne ea eases nee enees 14.71 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


Hazel Creek Reservoir 


MaxiIMUM Storage secceriiceatat veges bi sekteeapeinadnaee’ beeiwegeaeieeeae Ge eadeage ene 8,780 acre-feet 
MINIMUME:STOPAGG x. iciaces tere snecaes ca pideeeaeea naan vellla ee hae gees edees goeeei teams 240 acre-feet 
Drainage: basin: SIZ@ snc) ¢iei 22d. ceag tidy seen cece ne aie ee greeGuserree aan 8.07 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Forest Reservoir and Hazel Creek Reservoir is estimated to be approximately 3.5 
inches per month when at or near full capacity and approaches 0.0 inches as the reservoir is 
emptied. The reservoirs are bound by an earthen dams composed of compacted clay-rich 
materials - seepage through the dam is considered negligible. 


[RAINFALL] 


Rainfall data for the evaluation period of January 1951 through December 1959 was obtained 
from the Kirksville airport rain gauge. 


Average annual rainfall at Kirksville is for the period 1951 through 2000 is 34.00 inches. The most 
severe drought occurred between 1953 and 1957 with annual precipitation values of 24.66, 
36.10, 29.45, 26.50, and 43.17 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Middle 
Fabius stream gauge near Baring, located approximately 8 miles south of Memphis, Missouri. 
The Middle Fabius watershed rises in northern Adair County and flows eastward to the gauge in 
Scotland County. When this regional runoff value is inconsistent with precipitation values 
recorded for Kirksville, individual storm events were considered. Antecedent moisture was 
estimated for each storm event and adjustments to the Natural Resource Conservation Service’s 
(NRCS) runoff curve number were made to estimate runoff from each storm event (see Appendix 
A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Kirksville’s Reservoirs due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan evaporation to lake evaporation. 
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[DEMAND] 


The demands from Forest Lake and Hazel Creek Lake were determined to be 2.060 million 
gallons per day and 0.840 million gallons respectively for a total of 2.900 million gallons per day. 


City records reported to Missouri Department of Natural Resources ‘Major water users data base’ 


were used to determined demand (figure 24.2). In year 2000 Kirksville reported using 
1,058,634,000 gallons of water for and average demand of 2.900 million gallons per day. 
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Table 24.1.a Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 800.2 feet. 
Elevations referenced to North American 
Vertical Datum 1988 (NAVD 88). 

Note: Volumes calculated from surface 
testing 1.47 feet vertical accuracy at 95 
percent confidence level. 


e& 


EXPLANATION 


—780— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 4 feet. Contours tested 2.92 feet vertical accuracy at 
95 percent confidence level. 


—800— WATER SURFACE—Shows approximate elevation of water surface (actual 
was 800.2 feet), March 1-2, 2005 (table 23.1.a). 


U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 


located 80 feet southeast of boat ramp on retaining wall. Elevation 801.8 feet. : 
P fe Figure 24.1.a 


USGS ‘ : ; ; : . In cooperation with 
Figure 24.1.a Bathymetric map and table of areas/volumes of the Forest Lake near Kirksville, Missouri. Missouri Department 
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EXPLANATION 


—840— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Contours tested 3.01 feet vertical accuracy at 
95 percent confidence level. 









ghd —348— WATER SURFACE—Shows approximate elevation of water surface (actual 
was 847.2 ft), March 2-4, 2005 (table 23.1.b). 


w U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
located on south side of drop-box spillway structure. Elevation 855.1 feet. 


GF 
Figure24.1.b Bathymetric map and table of areas/volumes of the Hazel Creek Lake near Kirksville, Missouri. 
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HAZEL CREEK LAKE 


Table 24.1..b Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 847.8 feet. 
Elevations referenced to North American 


Note: Volumes calculated from surface 
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Forest Creek and Hazel Creek Lakes 
Water Supply Study - Kirksville, Missouri 
Water Use 





—>— Water Use (Forest Creek Reservoir) —O—Water Use (Hazel Creek Reservoir) ~O—Total Water Use —-—Trend 


Trend is increasing 2.06% per year 


bal 
uo 


Water Use (mgd) 
= NO 
a o 


= 
oO 


rae 
uo 





2 
° 


1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 


Year 
figure 24.2 
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Storage Volume (acre-ft) 


Forest Lake 
Water Supply Study - Kirksville, Missouri 
RESOP Model Results 





—— Storage Volume (Proportioned Normal Demand) ===Storage Volume (Optimum Demand) ===Storage Volume (Total Demand) 
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figure 24.3.a 
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Hazel Creek Lake 
Water Supply Study - Kirksville, Missouri 
RESOP Model Results 








—— Storage Volume (Proportioned Normal Demand) ==Storage Volume (Optinum Demand) ==Storage Volume (Total Demand) 
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figure 24.3.b 
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Forest Lake 
Water Supply Study - Kirksville, Missouri 
Storage Volume and Surface Area 





—0O— Storage Volume —O—Surface Area | 


Spillway Elevation = 800.2 feet 
Volume = 12,500 acre-feet 
Surface Area = 583 acres 


Water Surface on March 1-2, 2005 
Elevation = 800.0 feet 
Volume = 577 acre-feet 
Surface Area (acres) 
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Storage Volume (acre-ft) and Surface Area (acres) 
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Hazel Creek Lake 
Water Supply Study - Kirksville, Missouri 
Storage Volume and Surface Area 





—0— Storage Volume —O— Surface Area | 


Spillway Elevation = 847.8 feet 
Volume = 8680 acre-feet 
Surface Area = 493 acres 


Water Surface on March 2-4, 2005 
Elevation = 847.2 feet 
Volume = 8,390 acre-feet 
Surface Area = 481 acres 
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Storage Volume (acre-ft) and Surface Area (acres) 
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Lake Viking Reservoir 
Water Supply Study — Lake Viking, Missouri 
Drought Assessment Analysis 
Daviess County Public Water Supply #3 


Il. Overview 


Lake Viking (figure 25.1) is located in central Daviess County in northwest Missouri. This lake is 
privately owned and supplies water to the homeowners around the lake. The lake is located on 
South Big Creek, a tributary to Grand River. The lake is approximately 3 miles west of Gallatin 
(figure 25.1). It is primarily used for residential and recreation uses for those owning property 
around the lake. The homeowners association owns and maintains the lake. The drainage area of 
this 60 feet deep lake is 14.13 square miles. 


The homeowners of Lake Viking draw water directly from the reservoir to the treatment facility. 
Lake Viking is not considered a major water user. As a result they have not been reporting their 
water use to Missouri Department of Natural Resources. The Safe Drinking Water Information 
System (SDWIS) database indicates they are currently using an average of 50,000 gallon per 
day. 


Current water use is for Daviess Public Water Supply District #3 and they operate the treatment 
facility with the lake being the supply source. The water supply district is for those within the 
Community property. In year 2000 there were approximately 431 homes in the community. 
Approximately two-thirds are lived in year round with the remaining used for weekend and 
vacation residences. The safe drinking water information system (SDWIS) indicates they are 
using about 50,000 gallons per day. The optimized yield for Lake Viking is 2.45 million gallons per 
day. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Lake Viking Reservoir. The model assumes that ‘Normal’ demand 
for Lake Viking is 50,000 gallons per day and that ‘Optimum’ yield from the lake is 2.46 million 
gallons per day. Figure 25.3 illustrates these relationships. 


ll. Drought Assessment Summary 


The Lake Viking Reservoir is able to supply the residents with adequate water. When the demand 
value of 50,000 gallons per day is applied to the reservoir during the drought of the 1950’s, 
volume in the reservoir would be reduced to 9300 acre-feet in March and April 1957. The 
reservoir is capable of supplying 2.46 million gallons per day. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 
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[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Lake Viking Reservoir 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on March 22 and 23, 2006. Surface area of the lake and 
associated storage volume capacities are illustrated in figure 25.4. 


Lake Viking Reservoir Physical Data 
































































































































Lake Viking 
Elevation Area Volume Additional Notes 

(feet) (acres) (acre-feet) 

804.0 0.07 0.14 

806.0 2.1 3.0 

808.0 4.4 10.0 

810.0 9.4 22.4 

812.0 20.7 51.8 

814.0 30.6 104 

816.0 39.7 174 

818.0 48.4 261 

820.0 61.9 371 

822.0 78.2 510 

824.0 91.2 680 

826.0 105 876 

828.0 119 1,100 

830.0 131 1,350 

832.0 145 1,620 

834.0 160 1,930 

836.0 174 2,260 

838.0 190 2,630 

840.0 208 3,030 

842.0 225 3,460 

844.0 247 3,930 

846.0 269 4,450 

848.0 291 5,010 

850.0 317 5,610 

852.0 341 6,270 

854.0 367 6,980 

856.0 394 7,740 

858.0 424 8,550 

860.0 468 9,440 

862.0 503 10,400 

864.0 534 11,500 

865.1 553 12,000 Lake Conditions on March 22 and 23, 2006 

871.4 660 15,500 Top of Dam — area and volume extrapolated 

Principal Spillway Elevation = 865.0 feet 

[LIMITS] 
Maximum :Storage, ocx .su aists.ce test naaicleadt teal dest agee dad vig cous uadedesdead ieaaae 12,000 acre-feet 
Minimum Pool Storage......... 20... cece cee cee eects eee ee ee eee ee eee e aaa eaeeta ened 1000 acre-feet 
Drainage basin SIZC......... 0... eee cece eee eee eee eee eteaeesetettatttitesseeeseee L413 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
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[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Lake Viking is approximately 3.0 inch per month when at or near full capacity and 
approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an earthen dam 
composed of compacted clay-rich materials - seepage through the dam is considered negligible. 


[RAINFALL] 
Precipitation values for the drought of record were obtained from the Gallatin, Missouri gauge. 


Average precipitation in Gallatin was 44.08 inches between 1951 and 2001. Precipitation values 
for the drought of record were obtained from Gallatin, Missouri (approximately 3 miles west of 
Gallatin). The most severe drought occurred between 1953 and 1957 with annual precipitation 
values in Chillicothe of 20.07 inches, 33.55 inches, 28.27 inches, 27.88 inches, and 42.38 inches, 
respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the East 
Fork Big Creek stream gauge at Bethany Missouri which is a tributary of the Grand River, located 
approximately 20 miles north of Lake Viking. The drainage area monitored by this stream gauge 
covers approximately 95 square miles. When this regional runoff value is inconsistent with 
precipitation values recorded for Lake Viking, individual storm events were considered. 
Antecedent rainfall was estimated for each storm event and adjustments to the Natural Resource 
Conservation Service’s (NRCS) runoff curve number were made to estimate runoff from each 
storm event (see Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Lake Viking Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 
The demand used for Lake Viking’s analysis came from Missouri safe drinking water information 


system (SDWIS). They reported Lake Viking is 50,000 gallons per day which was used for this 
analysis.. 
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LAKE VIKING 
LOCATION MAP feet acres)| (acre-ft feet acres)| (acre-ft 


e240 | 91.2] 68g) 856.0 | 304) 7,740 


Table 25.1 Lake elevations and respective surface areas and volumes. 
Approximate elevation of spillway structure is 865.0 feet. Elevations 
referenced to North American Vertical Datum 1988 (NAVD 88). 

Note: Volumes calculated from surface testing 3.57 feet vertical 
accuracy at 95 percent confidence level. 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the lake 
bottom. Contour interval 5 feet. Contours tested 3.69 feet 
vertical accuracy at 95 percent confidence level. 


WATER SURFACE—Shows approximate elevation of water 
surface (actual was 865.1 ft), March 22-23, 2006 (table 1). 


U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
Chiseled arrow on rock ledge approximately 50 ft north 
of boat ramp. Elevation 865.8 feet. 


Figure 25.1 


In cooperation with 
Missouri Department 
Figure 24.1 Bathymetric map and table of areag/yolumes of the Lake Viking near Gallatin, Missouri. of Natural Resources 


science for a changing world 


Missouri Department of Natural Resources 
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Lake Viking Reservoir 


Water Supply Study - Daviess Water District No. 3 
Storage Volume and Surface Area 


—0O— Storage Volume —O— Surface Area | 








Elevation (ft) 





Principal Spillway Elevation = 865.1 feet 
Volume = 12,000 acre-feet 
Surface Area = 553 acres 











0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 


Storage Volume (acre-ft) and Surface Area (acres) = wech 
igure 25. 
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Lamar Reservoir 
Water Supply Study — Lamar, Missouri 
Drought Assessment Analysis 


Il. Overview 


Lamar Reservoir (figure 26.1) is located in central Barton County, west central Missouri and less 
than one mile southeast of the City of Lamar on a tributary to Spring River. Lamar Reservoir is 
the primary source of water for the City of Lamar. The Lamar Reservoir serves a population of 
approximately 4,425 with an estimated water demand of 0.50 million gallons per day according 
to the 2008 Census of Missouri Public Water Systems maintained by the Public Drinking Water 
Branch, Missouri Department of Natural Resources. 


The City of Lamar draws water directly from the reservoir to the treatment facility, and the 
reservoir, itself, can be supplemented with water from one groundwater well owned by the city. 
Historical demand on the water supply system in 2001 was reported to be 480,000 gallons per 
day, which is the demand value, used in this model. Figure 26.2 illustrates historical water 
demand on the Lamar Reservoir and their one well. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in 
a lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Lamar Reservoir. Although one groundwater well is available to 
supplement this water supply, the contribution of this well to available supplies was not 
considered within the context of this model. The model assumes that ‘Normal’ demand for Lamar 
is 480,000 gallons per day and that ‘Optimum’ yield from the lake is 427,000 gallons per day. 
Figure 26.3 illustrates these relationships. 


ll. Drought Assessment Summary 


The Lamar Reservoir is at risk of not meeting the community’s demand for water during times of 
drought unless there is an additional source of water. The 2001 demand on the reservoir was 
approximately 480,000 gallons per day, and when this demand value is applied to the reservoir 
during the drought of record in the 1950’s, water deficits would have occurred in July, August 
and September 1954. The estimated optimum yield from Lamar Reservoir is 427,000 gallons per 
day without additional water sources. The groundwater well owned by the City of Lamar is 
capable of pumping an average of 340,000 gallons per day supplementing Lamar Lake’s supply. 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the 
given reservoir or lake. The descriptions that follow describe the methodology and protocol for 
deriving these values. A detailed description of the variables addressed by each control word is 
provided in Appendix A. 
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[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Lamar Lake conducted 
by the United States Geological Survey (USGS) under contract from the Missouri Department of 
Natural Resources on May 22, 2002. Surface area of the lake and associated storage volume 
capacities are illustrated in figure 26.4. 


Lamar Lake Physical Data 




































































Lamar Reservoir 
Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

930.0 0.1 0.1 

932.0 0.1 0.3 

934.0 1.5 1.0 

936.0 8.4 10.4 

938.0 20.0 37.4 

940.0 36.2 93.4 

942.0 50.6 180.1 

944.0 65.5 296.2 

946.0 80.6 441.9 

948.0 95.7 617.8 

950.0 112.0 825.6 

952.0 126.0 1,063.6 

954.0 142.0 1,329.9 

955.7 156.4 1,582.5 Spillway and Lake Condition on May 22, 2002 
[LIMITS] 
MaXIMUM StOlAGGs ..5.si:eecascadebsanceedadeasteasaaueecek pags bladaasenecsetedaceebuambuceeeeavd 1,582 acre-feet 
MIMIMUM:STOFAQGs cc vey sare nccde ayesaedacnceclvessscsestbnacteehassetesseducenderstesusa ile 35.0 acre-feet 
Drainage DAaSin SIZC ...... eect ceneee cece eee eeeeeeaeee ee ee ee tneaaeaeaeeeeeeeeneeaeea 4.77 Square Miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 

Seepage from Lamar Lake is approximately 2.0 inch per month when at or near full capacity and 
approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an earthen dam 
composed of compacted clay-rich materials - seepage through the dam is considered negligible. 
[RAINFALL] 

Rainfall data came from the Lamar, Mo. rain gauge for the period 1951 through 1959. 


Average annual rainfall is 37.2 inches. Annual rainfall for 1953 through 1957 is 21.45, 35.52, 
34.61, 23.14, and 48.20 inches. 
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[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Cedar Creek stream gauge near pleasant View. When this regional runoff value is inconsistent 
with precipitation values recorded for Lamar, individual storm events were considered. 
Antecedent moisture was estimated for each storm event and adjustments to the Natural 
Resource Conservation Service’s (NRCS) runoff curve number were made to estimate runoff 
from each storm event (see Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Lamar Reservoir due to evaporation. An adjustment factor of 
0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


Values for water usage by Lamar are illustrated in figure 26.2. Between 1989 and 2001, water 
demand in Lamar was fairly constant at 0.480 million gallons per day which was the value used 
for this analysis. In 1996 they used the unusually large amount of water of 0.70 million gallons 
per day. Optimum demand (yield) from Lamar Reservoir without an additional source of water 
(Lamar’s well) is 0.427 million gallons per day. 
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LAMAR LAKE 


feet acres) | (acre-ft 


Lake elevations and respective 
areas and volumes. Spillway elevation is 
955.7 feet. Datum is sea level. 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 


WATER SURFACE—Shows elevation of water surface, May 22, 2002. 
(table 14). Datum is sea level. 


U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
located on west edge of concrete culvert. Elevation 958.0 feet. 
Datum is sea level. 


science for a changing world Bathymetric map and table of areas/volymes of Lamar Lake near Lamar, Missouri. 
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Lamar Lake 
Water Supply Study - Lamar, Missouri 
Storage Volume and Surface Area 





—O— Storage Volume —O—Surface Area | 


Spillway Elevation = 955.7 feet 
Volume = 1582 acre-feet 
Surface Area = 52 acres 


Water Surface on May 22, 2002 
Elevation = 955.7 feet 
Volume = 1582 acre-feet 
Surface Area = 52 acres 
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Little Otter Creek Lake 


Drought Assessment Analysis — Caldwell County Reservoir 
PL-566 Multipurpose Lake (MP-1) 


l. Overview 


Little Otter Creek Reservoir, located in northeast Caldwell County, is designed for flood control, 
recreation and county water supply. The lake is being planned as a flood prevention and water 
supply lake through the NRCS small watershed program (PL-566), and is about 70 miles 
northeast of Kansas City. As of January 23, 2009 the plans have been developed and are waiting 
completion of final review, land rights have been secured on most tracks of land. Construction 
funds have not been allocated. This water supply has been planned for county distribution. A 
release of 60 gallons per minute is planned for in-stream flow uses. 


A consulting engineering firm hired by Caldwell County to determine their needs has established 
demand. The drought of record was during the 1950’s. This study evaluated the effects that 
drought would have on the availability of water supplies. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage ina 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Three scenarios were modeled for Little Otter Creek Reservoir. The model assumes that ‘Normal’ 
demand for Caldwell County would be 1.20 million gallons per day and that ‘Optimum’ yield from 
the lake is 1.20 million gallons per day. An additional test assumed the water in the lake to be five 
feet below the spillway. The next test allowed the water allocated to recreation to be used. Figure 
27.3 illustrates these relationships. 


ll. Drought Assessment Summary 


During the planning stage it was projected that 1.2 million gallons per day would meet the needs 
for water supply. The volume of water supply storage was determined to be 4920 acre- feet. 
Sensitivity tests were run on the lake’s water supply. The first test allowed the recreation storage 
be used. This resulted in a demand of 1.4 million gallons per day. The second test assumed the 
lake started five feet below the spillway. The resulting analysis would reduce the optimum 
demand to 1.0 million gallons per day. 


lll, RESOP Model Parameters 

Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 

[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Little Otter Creek 
Reservoir conducted by the United States Department of Agriculture, Natural Resources 


261 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Conservation Service (NRCS). Surface area of the lake and associated storage volume 
capacities are illustrated in figure 27.4. 


Storage allocation: 


SEdIMENL............ ccc eee ee eee eeeeerereetesststesteesrssee™ B04 acre-feet 
RECrEALION....... 0. ccc ccc ce seen cee eee cae eee ene eetaeaeeeaente = 900 acre-feet 
Water Supply...........0.00cccceeece eee eee eee eee ene eeaes = 4,920 acre-feet 
TOlAN As fost vatseeaaeetona: custaer cae raaseeesseiee raat = 6,624 acre-feet 


Little Otter Reservoir Physical Data 



















































































Little Otter Reservoir 
Elevation Area Volume 

(feet) (acres) (acre-feet) 

792 0.07 0 

796 1.25 2.64 

800 3.85 12.84 

804 7.77 36.08 

808 20.03 91.68 

812 32.49 196.72 

816 42.55 346.80 

820 53.62 539.14 

824 84.37 815.12 

828 106.48 1196.82 

832 125.72 1661.22 

836 148.33 2209.32 

840 175.01 2856.00 

844 207.97 3621.96 

848 249.74 4537.38 

852 296.72 5630.30 

856 358.40 6940.54 

860 420.20 8497.74 

864 486.10 10,310.34 

869 575.00 12,963.09 
Principal Spillway Elevation.............00:cceeeee cents eee eee eeeeeeaees = 855.1 feet. 
Emergency Spillway Elevation ..............:c:cceeeee eee eee eee eee eee = 860.7 feet. 
[LIMITS] 
Maximum StOrage...... 2.2... ceeeee cesses esses ee eteaetsseessatsessasss++,0,624 acre-feet 
MINIMUM StOraGe...... 2.2... cece eee cee cece eee eee ee eee eee eee teeta en eas 1,704 acre-feet 
Drainage baSINn SIZ@............. cece eee eee eteteetteesttieeeeee 1.54 Square miles 


Initial storage was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought is in the 1950's. The analysis used in this model is January 1951 
and ended December 1959. 


[SEEPAGE] 


Seepage from Little Otter Creek Reservoir is estimated to be 1.5 inch per month when at or near 
full capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
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earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 
Rainfall data came from the Hamilton, Missouri weather reporting station. 


Average annual precipitation for the 1951 through 2000 is 36.7. The most severe drought 
occurred between 1953 through 1957 with annual precipitation values of 28.8, 35.7, 28.4, 21.33, 
and 37.55 inches, respectively. Most of the 1957 rainfall occurred in the last three months of the 
year. As a result the most critical period of water storage is in the summer of 1957. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from East Fork 
Big Creek at Bethany. When this regional runoff value is inconsistent with precipitation values for 
Little Otter Creek Reservoir, daily precipitation rates were considered. Antecedent rainfall was 
used to estimate soil moisture for each storm event and adjustments to the Natural Resource 
Conservation Service’s (NRCS’s) runoff curve number were made to estimate runoff from each 
storm event (See appendix A for additional information). 


[EVAP.] 

Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Little Otter Creek Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to derive this value. 

[DEMAND] 


Water demand for Little Otter Creek Reservoir was estimated to be 1.2 million gallons per day. 
Caldwell County has hired a consulting engineering firm to determine their needs. 
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Little Otter Creek Reservoir 
Water Supply Study - Caldwell County 
RESOP Model Results 









—— Storage Volume (Normal and Optimum Design Demand) 
—— Storage Volume (Optimum Demand - Water Supply Plus Recreation) 
—— Storage Volume (Optinum Demand Starting 5 feet Below Principal Spillway) 


Normal and Optimum Design Demand = 1.2 mgd 
Optimum Demand with use of Recreation Pool = 1.4 mgd 
¥ Optimum Demand beginning 5 feet below principal spillway =1.0 mgd 
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Little Otter Creek Lake 


Water Supply Study - Caldwell County 
Storage Volume and Surface Area 
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810 Sediment pool = 823.5 feet 
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Marceline Reservoir System 
Water Supply Study —- Marceline, Missouri 
Drought Assessment Analysis 


l, Overview 


Marceline City Reservoir (New) (figure 28.1) is located in southeast Linn County, Missouri, four miles 
southwest of Marceline. Marceline Reservoir is the primary source of water for the City of Marceline. 
North Lake (Old) is 1.5 miles northeast of Marceline is no longer used. An additional source of water 
supply, in an unexpected emergency, can be diverted from Mussel Fork Creek. The Marceline 
Reservoir serves a population of approximately 2,548 with an estimated water demand of 0.365 million 
gallons per day according to the 2008 Census of Missouri Public Water Systems (maintained by the 
Public Drinking Water Branch, Missouri Department of Natural Resources). 


The City of Marceline draws water directly from the reservoir to the treatment facility. They also supply 
water for Chariton-Linn Public Water Supply District #3. Their old lake can supplement demand to 
Marceline Reservoir and provisions are in place to divert water from Mussel Fork Creek. Historical 
demand on the reservoir in 2000 was reported to be 0.448 million gallons per day. Figure 28.2 
illustrates historical water demand on the Marceline Reservoir. Water Demand has been increasing at 
arate of about 5.2 percent per year. 


The older North Lake is used only if the water supply becomes critical. This North Lake drainage 
area is 271 Acres. The lake has approximately 80 acres surface area and the lake was not 
surveyed. Storage-area relationships were proportioned based on USGS 7.5-minute quadrangle 
and Marceline Lake. The lake was estimated to be 18 feet deep when full. 


While pumping from Mussel Fork Creek was not considered part of this operation plan a 
frequency analysis was made to estimate the dependability of using the creek as a water supply. 
Mussel Fork Creek intake location is East of Marceline and has a drainage of 146.7 square miles. 
The watershed shape is long and narrow, like many of North Missouri streams. Downstream of 
this location, at drainage area 267 square miles, is a stream gauge site. Records were kept from 
October 1948 through September 1951 and again Oct 1962 through February 1990. For the 
1950's, it was necessary to use the Locust Creek gauge. Gauge data was adjusted to the intake 
point by the drainage area ratio. A frequency analysis determined mean monthly discharges at 
the intake for the 100 year (1%), 50 year (2%), and 25 year (4%) chance of non-exceedance 
resulted in low flow values of 1 cubic feet per second or less for about half of the months. The 7- 
day duration 10-year frequency low flow, which is needed to meet in-stream flow requirements, is 
near zero. Analysis of the data indicates that flow in Mussel Fork Creek at the intake location 
would be so low during drought periods that withdraw would probably not be possible. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a lake 
or reservoir by summing volumetric gains and losses on a monthly basis for a given year. Factors that 
are taken into account in the model include reservoir volume, drainage area, precipitation, seepage, 
evaporation, and others. Please refer to Appendix A for a more thorough description of the RESOP 
model program. 


One scenario was modeled for Marceline (New) Reservoir. The Old Marceline Reservoir is available in 
case of water shortages, as is diverting water from Mussel Fork Creek. These potential sources were 
not considered within the context of this model. The RESOP model assumes that ‘Normal’ demand for 
Marceline is 0.448 million gallons per day and that ‘Optimum’ yield from the lake is 0.412 million gallons 
per day. Figure 28.3.a illustrates these relationships. Figure 28.3.b illustrates an estimate of the old 
reservoir's ability to provide water during extended droughts. Only the optimum demand was estimated 
and displayed. Optimum demand from the old reservoir is 60,000 gallons per day. 
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ll. Drought Assessment Summary 


The Marceline Reservoir (New) is capable of meetings Marceline’s water demand of 0.448 million 
gallons per day, however the reservoir volume would be dangerously at risk of not meeting the 
demand. Water from the old lake would need to be added to the system in 1957 and 1958 to meet 
demand. The 2000 demand on the reservoir was approximately 448,000 gallons per day, and when 
this demand value is applied to the reservoir during the drought of record in the 1950’s, water in the 
reservoir be drawn down so low it may not be useable. 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving these 
values. Detailed description of the variables addressed by each control word is provided in Appendix A. 


[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Marceline City Lake (New) 
Lake conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on May 19, 2003. Surface area of the lake and associated storage 
volume capacity is illustrated in figure 28.4. North Lake (Old) was not surveyed and associated physical 
data was estimated based on local topographic features. 


Marceline Reservoirs Lake Physical Data 




























































































Marceline City Lake (New) North Lake (Old) (Not Surveyed) 
Assumed Assumed Estimated 
Elevation Area Volume Elevation Area Volume 

(feet) (acres) (acre-feet) (feet) (acres) (acre-feet) 
729 0 0 100.0 0.0 0.0 
730 5 3 100.5 2 0.6 
732 13 20 101.6 6 4.8 
734 21 55 102.7 9 12.7 
736 31 106 103.8 13 24.7 
738 41 178 104.9 17 41.4 
740 53 272 106.0 22 63.3 
742 64 389 107.1 27 90.4 
744 75 528 108.2 32 122.7 
746 85 688 109.3 36 159.8 
748 97 870 110.4 41 202.1 
750 110 1,080 111.5 47 250.1 
752 122 1,310 112.6 52 304.0 
754 135 1,570 113.7 57 363.6 
754.5 139 1,630 114.0 59 379.5 
756 151 1,850 114.8 64 400.0 
756.9 160 1,990 115.3 68 462.5 
760 189 2,531 117.0 80 588.1 

Spillway Elevation = 756.9 feet 

rake Conditions May 18, 2008 Estimated Spillway Elevation = 115.3 feet 
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[LIMITS] 
Marceline City Lake (New) 
MaximMUM StOrage...... 2... cee cce cee ee eee eect eee see seeeeeseeesseettatstisettsssttsesssses ss L990 acre-feet. 
MINIMUM StOraQe...... 2.00. cece cece cee eee eters este aeesaeeeaeetitestestititttisessaessers: 200 acre-feet. 
Drainage BaSin SIZ@......... 0.0 .cccce cece eee ee eeeee eee eteeee te tttatttttessatetsessseeso: £3 Square miles. 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


North Lake (Old) 


Maximum’ StOrage: aici cd pegetincants dpesevedigch ioe oe anneyagen te aceptenusaeenacedy ets 462 acre-feet. 
MINIMUM: StOragG: Sse siceicsal ese aantadiessaz ned peer nen cele daeduagtn itedvagaenertaeenes ad 60 acre-feet. 
Drainage BaSin SIZ@......... 0... ee cece ee eee cess eee cee est etsatetseeeeetstssetseeeer Qed acres. 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is January 
1951 through December 1959. 


[SEEPAGE] 


Seepage from Marceline City Lake (New) and also North Reservoir (Old) Lake is estimated to be 
approximately 3.0 inches per month when at or near full capacity and approaches 0.0 inches as 
the reservoir is emptied. The reservoirs are bound by earthen dams composed of compacted 
clay-rich materials - seepage through the dam is considered negligible. 


[RAINFALL] 
Precipitation values for the drought of record were obtained from Brookfield gauge. 


Average precipitation in Brookfield was 38.9 inches between 1950 and 2000. The most severe drought 
occurred between 1953 and 1957 with annual precipitation values of 27.56 inches, 38.71 inches, 34.05 
inches, 23.36 inches, and 48.20 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Locust 
Creek stream gauge at Linneus. The drainage area monitored by this stream gauge covers 
approximately 550 square miles. When this regional runoff value is inconsistent with precipitation 
values recorded for Brookfield, individual storm events were considered. Antecedent soil moisture was 
estimated for each storm event and adjustments to the Natural Resource Conservation Service’s 
(NRCS) runoff curve number were made to estimate runoff from each storm event (See Appendix A for 
additional information). 


[EVAP.] 
Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were used to 


estimate water loss from both Marceline Reservoirs due to evaporation. This data was supplemented 
and compared with evaporation data from stations at Spickard, Missouri, New Franklin, Missouri, or 
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Columbia, Missouri, depending on which station had the most recent data. An adjustment factor of 0.76 
was applied to convert from pan to lake evaporation. 


[DEMAND] 
Water demand was obtained from records reported by the city to Missouri Department of Natural 
Resources “Major Water Users Data Base” (figure 28.2). Demand for this analysis was 0.448 million 


gallons per day. Marceline water demand has been increasing at a rate of about five-percent each year 
between 1988 and 2001. 


North Lake (Old) is not currently being used for water supply and only an optimized analysis was 
made. 
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MARCELINE LAKE 


LOCATION MAP 





feet acres) | (acre-ft 
38 








742. 


Table 28.1 Lake elevations and respective 
surface areas and volumes. Top of spill- 
way structure is 756.9 feet. Elevations 
referenced to North American Vertical 
Datum 1988 (NAVD 88). 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 


—?50— Contour interval 2 feet. 


WATER SURFACE—Shows approximate elevation of water surface, 


~~ 154—~ May 19, 2003 (actual is 754.5 feet, table 21). 


U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
located on northwest side of intake tower. Elevation 764.1 feet. 


Figure 28.1 


OZ on wi 
a Figure 28.1 Bathymetric map and table of areas/yolumes of the Marceline Lake (New) near Marceline, Missouri. In cooperation with 
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Marceline Lake 
Water Supply Study - Marceline, Missouri 
Historical Water Use 
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Year Figure 28.2 
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North Lake (Old) 
Water Supply Analysis - Marceline, Missouri 
RESOP Model Results 
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Figure 28.3.b 
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Marceline City Lake (New) 
Water Supply Study - Marceline, Missouri 
Storage Volume and Surface Area 
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Maysville Lakes System 
Water Supply Study — Maysville, Missouri 
Drought Assessment Analysis 


Il. Overview 


Maysville three reservoirs (figures 29.1.a, 29.1.b and 29.1.c) are located near the center of the 
DeKalb County. They have three lakes available for use as water supply. They are South, West 
and Willowbrook Lakes. Willowbrook Lake is the new lake from which the city began using water 
in 1997. This is the only lake they are currently using for water supply. The other two are kept in 
reserve for emergencies. Missouri Department of Conservation manages Willowbrook Lake for 
fish and wildlife. The Maysville Reservoir System serves a population of approximately 1,100 with 
an estimated water demand of 0.139 million gallons per day according to the 2008 Census of 
Missouri Public Water Systems (maintained by the Public Drinking Water Branch, Missouri 
Department of Natural Resources). 


The South Lake is located approximately one half mile south of Maysville, West Lake is about 
one half mile west of the city and Willowbrook Lake is about 1 mile southwest of the city. The 
lakes are owned by the city and supply water to Maysville. The drainage area for each lake is 
South Lake 0.22 square miles, West Lake 3.21 square miles and Willowbrook has 5.84 square 
miles. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Willow Brook Lake Reservoir. The model assumes that ‘Normal’ 
demand for Willow Brook Lake is 0.14 million gallons per day and that ‘Optimum’ yield from the 
lake is 0.31 million gallons per day. Figure 29.3.a illustrates these relationships. Optimum yield for 
West Lake and South Lake was 0.12 and 0.02 million gallons respectively. 


ll. Drought Assessment Summary 


Willowbrook Reservoir is capable of meeting Maysville’s demand for water during a severe 
drought, such as the one in the 1950’s, without additional sources of water. The 2004 demand on 
the reservoir system was approximately 0.123 million gallons per day. For the period 1994 
through 1996 Maysville reported using 0.139 million gallons per day. This analysis used 0.14 
million gallons per day. When this demand value is applied to the reservoir during the drought of 
record in the 1950’s, Willowbrook Reservoir has a reserve of 400 acre-feet of water. The 
estimated optimum yield from Willowbrook Reservoir is 0.31 million gallons per day (figure 
29.3.a). 


West Lake or South Lake is not capable of satisfying domestic water supply during an extended 
drought. Optimum yield from West Lake is 0.12 million gallons per day and South Lake would 
yield 0.02 million gallons per day (figures 29.3.b and 29.3.c). 

Ill, RESOP Model Parameters 

Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 


represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
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these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 


Volume and surface area data were derived from bathymetric surveys of Willow Brook Lake, 
South Lake, and West Lake conducted by the United States Geological Survey (USGS) under 
contract from the Missouri Department of Natural Resources on March 21 through 25, 2000. 
Surface area of the lake and associated storage volume capacities are illustrated in figure 29.4.a, 
29.4.6 and 29.4.c.. 


Willow Brook Lake Physical Data 















































































































































Willow Brook Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-feet) 
886.0 0.10 0.04 
888.0 1.8 1.40 
890.0 5.9 6.00 
892.0 10.7 25.3 
894.0 18.8 53.6 
896.0 33.2 106.2 
898.0 46.5 186.1 
900.0 60.1 291.7 
902.0 73.0 424.9 
904.0 90.4 587.4 
906.0 106.9 784.4 Principal spillway (From as built plans) 
908.0 126.0 1,017.9 
909.6 139.4 1,229.6 Lake conditions on July 25, 2000 
910.0 142.9 1,286.2 
912.0 155.6 1,584.4 
914.0 170.0 1,909.8 
916.0 186.7 2,266.0 
918.0 206.8 2,658.6 Emergency spillway 
South Reservoir West Reservoir 
Elevation Area Volume Elevation Area Volume 
(feet) (acres) (acre-feet) (feet) (acres) (acre-feet) 
884.0 1.2 0.8 886.0 0.1 0.0 
886.0 2.1 4.0 888.0 2.4 2.0 
888.0 3.0 9.0 890.0 7.2 11.0 
890.0 4.1 16.3 892.0 13.7 31.8 
892.0 5.6 25.9 894.0 22.2 67.0 
894.0 6.5 38.0 896.0 30.9 122 
896.0 7.8 52.1 898.0 37.6 191 
898.0 8.7 69.0 899.3 40.9 242 
898.6 8.9 75.0 899.5 41.7 250 
Lake Conditions March 21, 2006 = 898.0 feet Lake Conditions March 21, 2006 = 899.5 feet 
Principal Spillway Elevation = 898.6 feet Principal Spillway Elevation = 899.3 feet 
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[LIMITS] 
Willow Brook Lake 
MaxiMUM 'StOra Qe: ia.s.cciegenpendcdecesh deangieddegebohedaaeaead cdeaneeeddevened sibassendduscaaen cde 785 acre-feet 
MINIMUM StOLAQG a scs.ce5-dhaes ee ced oaks edadepte Medaesaegti nst-eUtagandtudagctedtviohecelesstacdees 50 acre-feet 
Drainage DaSIN SIZ 20.2... eee cece eeeeeeee cece teeeeeceeeeeeeeeeeececaeaeeeeeeesenneeieaaeees 5.84 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


West Lake 

Maximum: Storage ives ctinecvssedeeg. jaded aie davtesthedoe asd cust pgditaaheiaenace 250 acre-feet 
MINIMUM STOLAQG see ficccieateds vasceeeedne duus atecceeds emsetaas doaccaes stebtaasecnecgcaeetea beeen 20 acre-feet 
Drainage BASIN SIZO oo... eee eee cece ee eeecnecaeee ce eeeeteesaaaaaeceeeeetneeeaeaaeaes 3.21 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


South Lake 

Maximum Storage i vst Saxtivettisseetede Nat iad cncpnnadaeded dest pee liaseeetadayegeiaed Qin, 75 acre-feet 
MINIMUM StOPAGE ..20..... cee eeee cence cece ee eeeneae eee cnet ee teeaaeaeaeeeeeeesneaaeaeaaeeeeeeeeeeaaaaes 15 acre-feet 
Drainage DaSIN SIZO oo... eee cece cee eee eeeeectec aces ce eeeeteesaaaeaeceseeeteesneaaaaeaes 0.22 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Willow Brook Lake is approximately 1.0 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


Seepage from West Lake is approximately 0.5 inch per month when at or near full capacity and 
approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an earthen dam 
composed of compacted clay-rich materials - seepage through the dam is considered negligible. 


Seepage from South Lake is approximately 0.75 inch per month when at or near full capacity and 
approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an earthen dam 
composed of compacted clay-rich materials - seepage through the dam is considered negligible. 


[RAINFALL] 

Average precipitation in Maysville was 36.2 inches between 1950 and 2000. Precipitation values 
for the drought of record were obtained from Amity, Missouri (approximately 4 miles west- 
southwest of Maysville). The most severe drought occurred between 1953 and 1957 with annual 
precipitation values in Amity of 25.71 inches, 37.58 inches, 33.93 inches, 20.76 inches, and 31.52 
inches, respectively. 

[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Jenkins Branch stream gauge (a tributary of the Platte River), located approximately 20 miles 
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southwest of Maysville. The drainage area monitored by this stream gauge covers approximately 
2.72 square miles. When this regional runoff value is inconsistent with precipitation values 
recorded for Maysville, individual storm events were considered. Antecedent moisture was 
estimated for each storm event and adjustments to the Natural Resource Conservation Service’s 
(NRCS) runoff curve number were made to estimate runoff from each storm event (see Appendix 
A for additional information). 


[EVAP] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from each of Maysville three reservoirs due to evaporation. This data 
was supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 
Water demand was obtained from records reported by the city records to Missouri Department of 
Natural Resources “Major Water Users Data Base”. Their water use has been reasonably steady 


for the period of 1989 through 2004. In 1994, 1995 and 1996 Maysville reported using 0.14 million 
gallons per day. For this evaluation, 0.14 million gallons per day was assumed. 
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Lake elevations and respective 
areas and volumes. Emergency 
spillway elevation is approximately 
918 ft. Datum is sea level. 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 


WATER SURFACE—Shows approximate elevation of water surface, 
July 25, 2000 (actual is 909.6 feet, table 9). Datum is sea level. 


U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
located on west edge of spillway. Elevation 915.0 feet. 
Datum is sea level. 
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Bathymetric map and table of areas/volumggs of the Maysville Lake #3 Intake near Maysville, Missouri. 
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Table 29.1.b Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 899.3 feet. 
Elevations referenced to North American 
Vertical Datum 1988 (NAVD 88). 

Note: Volumes calculated from surface 
testing 1.01 feet vertical accuracy at 95 
percent confidence level. 
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—890— BATHYMETRIC CONTOUR—Shows altitude of the lake 
bottom. Contour interval 2 feet. Contours tested 1.34 feet 
vertical accuracy at 95 percent confidence level. 


—899.5— WATER SURFACE—Shows elevation of water surface, 
March 21, 2006 (table 1). 


w U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
Arrow on south side of bridge over north end of lake 35 feet 
west of southeast bridge corner. Elevation 903.8 feet. 


w 
—S, 
a= In cooperation with 


. P Missouri Department 
science for a changing world Figure 29.1.b of Natural Resources 


Figure 29.1.b Bathymetric map and table of areas/vglumes of the Maysville West Lake near Maysville, Missouri. 
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Table 29.1.c Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 898.6 feet. 
Elevations referenced to North American 
Vertical Datum 1988 (NAVD 88). 

Note: Volumes calculated from surface 
testing 1.08 feet vertical accuracy at 95 
percent confidence level. 
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EXPLANATION 


—890— BATHYMETRIC CONTOUR—Shows altitude of the lake 
bottom. Contour interval 2 feet. Contours tested 1.61 feet 
vertical accuracy at 95 percent confidence level. 898 


—898— WATER SURFACE—Shows approximate elevation of water 
surface (actual was 898.6 ft), March 21, 2006 (table 1). 


B U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
Top of 3/8 inch lag bolt in north side of tree stump near 
boat ramp. Elevation 899.3 feet. 


w, 
= Figure 29.1.c In cooperation with 


science for a changing world Missouri Department 
of Natural Resources 


Figure 29.1.c Bathymetric map and table of areas/volumes,of the Maysville South Lake near Maysville, Missouri. 
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RESOP Model Results 
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Maysville South Lake 
Water supply study - Maysville, Missouri 
RESOP Model Results 
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Willow Brook Lake 


Water Supply Study - Maysville, Missouri 
Storage Volume and Surface Area 
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Lake Show Me Reservoir and Old Memphis Reservoir 
Water Supply Study — Memphis, Missouri 
Drought Assessment Analysis 


l, Overview 


Lake Show Me Reservoir is located in Scotland County in northeast Missouri (figure 30.1.a). Lake 
Show Me supplies Memphis with their water demand. Memphis has two lakes that can provide 
water to the city. The Old Memphis Reservoir (figure 30.1.6) is downstream of Lake Show Me 
Reservoir. The Lake Show Me Reservoir serves a population of approximately 1,242 with an 
estimated water demand of 0.40 million gallons per day according to the 2008 Census of Missouri 
Public Water Systems (maintained by the Public Drinking Water Branch, Missouri Department of 
Natural Resources). 


Lake Show Me Reservoir is located 3 miles west-south-west of Memphis while the Old Memphis 
reservoir is 1.7 miles south-west from Memphis. These reservoirs are on an unnamed tributary to 
North Fabius River. The drainage area for Lake Show Me is 2.66 square miles and the 
intervening drainage area for Old Memphis Reservoir is 1.51 square miles giving a total drainage 
area at the Old Memphis Reservoir of 4.17 square miles. Lake Show Me was surveyed June 3, 
2002. The lower old lake was surveyed June 19, 2001. Old Memphis Reservoir is no longer used 
for water supply however can be used as a backup if needed. During large rainfall events 
discharge through Lake Show Me Reservoir’s spillway was added to the inflow to the Old 
Memphis Reservoir. 


Historical water demands on the Lake Show Me Reservoir is illustrated in figure 30.2. The 2000 
demand for water was 0.42 million gallons per day and has been increasing at a rate of 2.8 
percent per year since 1988. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage ina 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was analyzed for Lake Show Me Reservoir. The model assumes that ‘Normal’ 
demand for Memphis in year 2000 was 0.42 million gallons per day and the ‘Optimum’ yield from 
the lake is 0.52 million gallons per day. Normal and optimum demands were calculated for Lake 
Show Me and only the optimum demand was evaluated of the old reservoir. 


ll. Drought Assessment Summary 


In year 2000, Memphis used 153,276,495 gallons of water or 0.42 million gallons per day. Lake 
Show Me can meet this demand with 1630-acre feet remaining in the lake. Optimum demand is 
0.78 million gallons per day. Only the optimum demand for the old lake was analyzed and 
determined to be 0.095 million gallons per day (figures 30.3.a and 30.3.b). 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 
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[STO-AREA] 


Volume and surface area data were derived from bathymetric surveys of Lake Show Me 
Reservoir and Old Memphis Reservoir. These were conducted by the United States Geological 
Survey (USGS) under contract from the Missouri Department of Natural Resources for Lake 
Show Me on June 3, 2002 and Old Memphis Reservoir on June 19, 2001. Surface area of the 
lake and associated storage volume capacities are illustrated in figure 30.4 


Lake Show Me and Old Memphis Reservoirs Physical Data 




















































































































Lake Show Me Reservoir Old Memphis Reservoir 
Elevation Area Volume Area Volume 
(feet) (acres) (acre-feet) (feet) (acres) (acre-feet) 
728 1.91 1.01 706 0.81 0.58 
730 6.38 9.16 708 2.26 3.65 
732 11.70 27.13 710 8.42 12.48 
734 17.30 55.95 712 19.94 40.68 
736 23.22 96.36 714 27.81 89.59 
738 30.40 149.42 715 30.09 118.59 
740 38.47 218.33 716 32.04 149.63 
742 46.46 303.00 718 40.49 219.51 
744 57.07 406.47 720 50.12 309.39 
746 68.04 531.36 721 57.50 364.87 
748 79.01 678.14 
750 91.64 848.42 
752 104.93 1,044.60 
754 119.12 1,268.72 
756 133.85 1,521.70 
758 149.19 1,804.49 
760 165.59 2,119.03 
762 181.47 2,465.87 
764 198.60 2,845.44 
766 214.18 3,258.52 
768 228.70 3,701.32 
769.8 244.93 4,125.81 
770 246.53 4,174.95 
772 262.08 4683.47 
774 278.41 5,223.82 
Lake Show Me Reservoir Old Memphis Reservoir 
Principal spillway elevation = 769.8 feet Spillway elevation = 718 feet 
Lake conditions on June 3, 2002 = Lake conditions on June 19, 2001 
elevation 769.8 feet Top of dam elevation = 721.5 feet 
Emergency spillway elevation = 774 feet 








[LIMITS] 

Lake Show Me Reservoir 

Ma€axiMUM StOraQe..........:ececeeee cee eee ee cee cea ee eee eee eae eee aee see eenaeeenes 4125.8 acre-feet 
MinimuUM POOl StOraGe......... 6... cece cee eee ee ee eee ee te eects eee eee eee ee eee 50 acre-feet 
Drainage baSIN SIZC...... 2.0... cece cee eects ee ee eeeteeeteaeetatttsatesseessss-2,66 Square miles 
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Old Memphis Reservoir 


Ma€aximMUM StOrage...... 2... cece eee ceee ee eee eee eeeeeeaee eee etsatteteetsetettseeeseess 219.5 acre-feet 
Minimum pOol StOraGe......... 6... cece cee ee eee ee eee ee eee eens ee eens teen ea eaa 10 acre-feet 
Drainage baSIN SIZC......... 0... cece tees eee eeeeeeeteaeestetsattesseseeeee.51 Square miles 
Combined drainage area...... 2.0.2... ccece eee eee eee eteeeeeseessettstserseees: 4.17 Square miles 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 
Lake Show Me 


Seepage from Lake Show Me is estimated to be 2.0 inches per month when at or near full 
capacity and approaches 0.0 as the reservoir is emptied. The seepage rate is a best estimate 
based on history of the reservoir, soil type, and material of the core of the dam. The reservoir is 
bound by an earthen dam composed of compacted clay-rich materials - seepage through the dam 
is considered negligible. When full the lake is about 40 feet deep, as a result the static pressure is 
fairly high and seepage is moderate. 


Old Memphis Reservoir 


Seepage from Old Memphis Reservoir is estimated to be 1.25 inches per month when at or near 
full capacity and approaches 0.0 as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 
Precipitation values for the drought of record came from Memphis, Missouri rain gauge. 


Average precipitation in Memphis was 34.75 inches between 1950 and 2000. The most severe 
drought occurred between 1953 and 1957 with annual precipitation values of 23.23 inches, 33.25 
inches, 28.95 inches, 24.29 inches, and 36.97 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Middle 
Fabius stream gauge, near Baring. The gauge is located approximately 8 miles south of 
Memphis. When this regional runoff value is inconsistent with precipitation values recorded for 
Memphis, individual storm events were considered. Antecedent moisture was estimated for each 
storm event and adjustments to the Natural Resource Conservation Service’s (NRCS) runoff 
curve number were made to estimate runoff from each storm event (See Appendix A for additional 
information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Lake Show Me and Old Memphis Reservoirs due to 
evaporation. This data was supplemented and compared with evaporation data from stations at 
Spickard, Missouri, New Franklin, Missouri, or Columbia, Missouri, depending on which station 
had the most recent data. An adjustment factor of 0.76 was applied to convert from pan to lake 
evaporation. 
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[DEMAND] 


Normal demand from Lake Show Me Reservoir for 2000 is 0.42 million gallons per day, and was 
used for this analysis. 


City records reported to Missouri Department of Natural Resources ‘Major water users database 
were used to determined demand (figure 30.2). 
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MEMPHIS (NEW) LAKE 


LOCATION MAP 













EXPLANATION 


— 760 — BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 


—770— WATER SURFACE—Shows approximate elevation of water surface, 
June 3, 2002 (actual is 769.8 feet, table 20). Datum is sea level. 








U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 
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Figure 30.1l.a 
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science for a changing world Bathymetric map and table,of areas/volumes of the New Memphis Lake near Memphis, Missouri. 
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EXPLANATION 


— 710 — BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 


=7ie = WATER SURFACE—Shows elevation of water surface, June 19, 2001 


(table 13). Datum is sea level. 


U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 
located on northwest corner of spillway. Elevation 721.1 feet. 


Datum is sea level. 


Figure 30.1.b 


Bathymetric map and table of areas/volumgg,of the Old Memphis Reservoir near Memphis, Missouri. 
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Memphis, Missouri 
Water Supply Study 
Historical Water Use 
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Lake Show Me Reservoir 
Water Supply Study - Memphis, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand) === Storage Volume (Optimum Demand) 
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Figure 30.3.a 


297 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Old Memphis Reservoir 
Water Supply Studies - Memphis, Missouri 
RESOP Model Results 
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Lake Show Me Reservoir 
Water Supply Study - Memphis, Missouri 
Storage Volume and Surface Area 
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Middle Fork Grand River Reservoir 
Water Supply Study — Middle Fork Water Company 
Drought Assessment Analysis 


Il. Overview 


Middle Fork Grand River Reservoir (figure 31.1) is located on Linn Creek, a tributary to Middle 
Fork Grand River, in Central Gentry County, Missouri, and approximately 7.5 miles northeast of 
the City of Stanberry. The reservoir drainage area is 6.3 square miles. The Middle Fork Water 
Company, who then sells water to Stanberry and Grant City, owns middle Fork Grand River 
Reservoir. Stanberry sells finished water to Gentry PWSD #2. Middle Fork Grand River 
Reservoir was constructed in 1995 and began selling water in 1996. The Middle Fork Reservoir 
serves a population of approximately 2,300 with an estimated water demand of 0.350 million 
gallons per day according to the 2008 Census of Missouri Public Water Systems (maintained 
by the Public Drinking Water Branch, Missouri Department of Natural Resources). 


From 1996 through 2002 water use has had an average increase of four percent per year 
(figure 31.2). According to the 2008 Census of Missouri Public Water Systems (maintained by 
the Public Drinking Water Branch, Missouri Department of Natural Resources). 


This water supply study was performed using the Reservoir Operation Study Computer 
Program (RESOP) developed by the Natural Resource Conservation Service (NRCS) of the 
United States Department of Agriculture (USDA). The RESOP model assesses the remaining 
water storage in a lake or reservoir by summing volumetric gains and losses on a monthly basis 
for a given year. Factors that are taken into account in the model include reservoir volume, 
drainage area, precipitation, seepage, evaporation, and others. Please refer to Appendix A for 
a more thorough description of the RESOP model program. 


One scenario was modeled for Middle Fork Grand River Reservoir. The model assumes that 
‘Normal’ demand 350,000 gallons per day and that ‘Optimum’ yield from the lake is 381,000 
gallons per day. Figure 31.3 illustrates these relationships. 


ll. Drought Assessment Summary 


The analysis shows that Middle Fork Grand River reservoir can meet the demand of 350,000 
gallons per day through a drought of record through the 1950’s. There would be 75-acre feet 
remaining in the lake in February and March of 1957. Optimum demand is 381,000 gallons per 
day. 


lll. RESOP Model Parameters 


Terms in brackets refer to ‘control words’ for the RESOP program. Each term represents one or 
more values that are used to calculate the modeled water balance for the given reservoir or 
lake. The descriptions that follow describe the methodology and protocol for deriving these 
values. A detailed description of the variables addressed by each control word is provided in 
Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Middle Fork Grand 
River Reservoir (figure 31.1) conducted by the United States Geological Survey (USGS) under 


contract from the Missouri Department of Natural Resources on July 26, 2000. These 
relationships are illustrated in figure 31.4 for the lake. 
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Middle Fork Grand River Reservoir 







































































Middle Fork Grand River Reservoir 
Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

868.0 0.12 0.08 

870.0 1.70 0.99 Water Intake 

872.0 5.70 7.32 

874.0 14.23 27.49 

876.0 24.36 65.35 

878.0 35.20 125.05 

880.0 48.37 208.90 

882.0 58.86 316.71 

884.0 69.36 443.30 

884.1 71.44 450.30 Lake Conditions on July 26, 2000 

886.0 86.65 599.87 

888.0 108.97 794.15 

890.0 138.51 1040.67 

892.0 175.09 1352.91 

893.4 206.11 1625.01 Spillway 
[LIMITS] 
Maximum: Storage iss sce.i.c. cats seeetis ans cae cscs tcteeatasaesseusihcauan eho etaaeeaa nee 1625 acre-feet 
MINIMUM. STOTAGE si icci.stesccchtetecetussiadect siete oikvaeddiesinceiis sack each ibecudushaaeestheneeee 20 acre-feet 
Drainage basin SIZC ........ eee ee eeecceaeceeeeeeeeeeaeaeceeeeeeeetneaeaeaeeeeeeeened 6.3 Square Miles 


Initial storage volume was equated to the reservoir volume at lake conditions on July 26, 2000. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1952 through December 1960. 


[SEEPAGE] 


Seepage from Middle Fork Grand River Lake is approximately 2.5 inch per month when at or 
near full capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is 
bound by an earthen dam composed of compacted clay-rich materials - seepage through the 
dam is considered negligible. 


[RAINFALL] 


Precipitation data used for the analyses was recorded at the rainfall gauge located at White 
Cloud Creek stream gauge near Maryville. 


Average precipitation in Maryville was 35.0 inches between 1950 and 2000. Precipitation 
values for the drought of record were obtained from White Cloud Creek gauge reporting station. 
The most severe drought occurred between 1953 and 1957 with annual precipitation values of 
20.1 inches, 29.4 inches, 26.2 inches, 25.2 inches, and 34.4 inches, respectively. 
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[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
White Cloud Creek stream gauge (a tributary of the 102 River) located near Maryville. The 
drainage area monitored by this stream gauge covers approximately 6.06 square miles. When 
this regional runoff value is inconsistent with precipitation values recorded for Middle Fork 
Grand River, individual storm events were considered. Antecedent moisture was estimated for 
each storm event and adjustments to the Natural Resource Conservation Service’s (NRCS) 
runoff curve number were made to estimate runoff from each storm event (See Appendix A for 
additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Middle Fork Grand River Reservoir due to evaporation. This 
data was supplemented and compared with evaporation data from stations at Spickard, 
Missouri, New Franklin, Missouri, or Columbia, Missouri, depending on which station had the 
most recent data. An adjustment factor of 0.76 was applied to convert from pan to lake 
evaporation. 


[DEMAND] 

Water demand for this analysis was 350,000 gallons per day. 

Water demand from Middle Fork Grand River Reservoir was provided from records maintained 
by Missouri Department of Natural Resources Kansas City Regional Office assisting Northwest 


Missouri. Records show the reservoir was providing an average of 350,000 gallons per day. 
Maximum daily recording was 450,000 gallons per day. 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 


—890— Contour interval 2 feet. Datum is sea level 


—sg4—— WATER SURFACE—Shows approximate elevation of water surface, 
July 26, 2000 (actual is 884.1 feet, table 4). Datum is sea level. 


= U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 


located on north side of concrete spillway. Elevation 893.4 feet. Datum is 
sea level. 


EG 
a Bathymetric map and area/volume table of Middle Fork Water Company Lake Intake near Stanberry, Missouri. 


science for a changing world 


Figure 31.1 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Middle Fork Grand River Reservoir 
Water Supply Analysis - Middle Fork Water Company 
Water Use 
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Middle Fork Grand River Reservoir 
Water Supply Study - Middle Fork Water Company 
RESOP Model Results 
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Figure 31.3 
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Middle Fork Grand River Reservoir 
Water Supply Study - Middle Fork Water Company 
Storage Volume and Surface Area 
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Elmwood, Golf Course, and Shatto Reservoirs 
Water Supply Study — Milan, Missouri 
Drought Assessment Analysis 


Il. Overview 


Milan is located in North Central Missouri, in central Sullivan County with East Locust Creek flowing 
along the eastern boundary of the city. Milan has two reservoirs available to use as water supply 
lakes. The larger one is Elmwood Reservoir (Figure 32.1.a), which is located about 2 miles North of 
Milan on a tributary to East Locust Creek. Golf Course Lake is an older lake and is located at Sullivan 
County Country Club near the city a short distance East of East Locust Creek (Figure 32.1.b). A third, 
Shatto Reservoir (figure 32.1.c) is a privately owned lake located to the south of Milan. It is not used 
for water supply and was investigated to determine the volume of water availability for emergency 
water supply. Shatto Lake is a 34-acre lake, which has too small of a drainage area, 173 acres, to 
provide a dependable source of water. The Milan Reservoir system serves a population of 
approximately 2,125 with an estimated water demand of 0.716 million gallons per day according to 
the 2008 Census of Missouri Public Water Systems (maintained by the Public Drinking Water Branch, 
Missouri Department of Natural Resources). 


At the time of this report, year 2000, Milan was experiencing severe water shortage. They had 
nearly emptied both lakes and were diverting water from Locust Creek at a site west of Milan. 
They have been using an average of 1.65 million gallon per day (figure 32.2). A 3000-gallon per 
minute pump was used for pumping from Locust Creek. Prior to 2003 Milan was using a maximum 
of 1.13 million gallons per day with an average annual increase from 1887 through 2004 of 5.5 
percent. 


Storage in Elmwood Lake has been increased in recent years to provide water to a poultry- 
processing plant as well as untreated water for Premium Standard Farms meat processing plant in 
addition to the cities needs. A rural water district has been removed from the system to conserve 
water. Before the lake was modified, it had significant leakage. Leakage has now been greatly 
reduced. Premium Standard Farms purchases untreated water from Milan for their hog processing 
plant where they provide their own water treatment. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage ina 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Elmwood Reservoir model consisted of a normal demand of 1.65 million gallons per day which could 
not be met and the optimum demand was determined to be 0.737 million gallons per day. To meet 
the normal demand water was added to the reservoir by diverting from Locust Creek. Golf Course 
modeling consisted of a normal demand of 0.400 million gallons per day. Golf Course Reservoir 
demand of 0.40 million gallons per day could not be met and the optimum analysis resulted in an 
average demand of 0.116 million gallons per day. Shatto Reservoir analysis consisted of determining 
the optimum demand of 0.083 million gallons per day. Figures 32.3.a, 32.3.6, and 32.3.c illustrate 
these results. 


Plans have been prepared to develop a regional water supply lake through the Natural Resource 
Conservation Service (NRCS) small watershed (PL-566) program. This multipurpose reservoir, 
located 4.5 miles north of Milan has a drainage area of 32.8 square miles, The East Locust Creek PL- 
566 watershed plan was supplemented to include this multipurpose reservoir that will provide 7 
million gallons per day of water supply through the drought of record. This multipurpose reservoir was 
not considered part of this analysis. 
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ll. Drought Assessment Summary 


The optimum demand from Elmwood Reservoir averages 0.737 million gallons per day, and Golf 
Course Reservoir can be expected to yield and average of 0.116 million gallons per day. The total 
for both lakes is 0.853 million gallons per day. This is far short of the demand, 1.65 million gallons 
per day, placed on the system. To meet the demand a 3000 gallons per minute pump is used to 
pipe water from Locust Creek to Elmwood Reservoir. Pumping when sufficient flow exists in 
Locust Creek will allow 1.65 million gallons per day to be met. 


Golf Course reservoir has a normal demand of 0.400 million gallons per day. Golf Course 
Reservoir demand of 0.40 million gallons per day could not be met and the optimum analysis 
resulted in an average demand of 0.116 million gallons per day. 


Because there is no daily demand placed on Shatto Reservoir only an optimized run was made. The 
daily volume of water available is 83,000 gallon per day. By removing water at this rate the lake would 
be emptied and have no opportunity to refill until some time after 1960's. 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values used to calculate the modeled water balance for the given reservoir or 
lake. The descriptions that follow describe the methodology and protocol for deriving these values. A 
detailed description of the variables addressed by each control word is provided in Appendix A. 


[STO-AREA] 

Volume and surface area data were derived from a bathymetric survey of Elmwood and Golf Course 
Reservoirs conducted by the Natural Resource Conservation Service during May 2000. Surface area 
of the lake and associated storage volume capacities are illustrated in figures 32.4.a, 32.4.b. 

Volume and surface area data for Shatto Reservoir were derived from a bathymetric survey 


conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on July 20, 2000 and illustrated in figure 32.4.c. 


Elmwood and Golf Course Reservoirs Physical Data 



























































Elmwood Reservoir Golf Course Reservoir 
Elevation Area Volume Elevation Area Volume 
(feet) (acres) (acre-ft) (feet) (acres) (acre-ft) 

assumed 
842 0.25 0 64 0.21 0 
844 0.93 1.19 66 2.61 2.82 
846 1.60 3.72 68 4.89 10.31 
848 4.58 9.91 70 7.95 23.16 
850 20.04 34.53 72 11.00 42.11 
852 32.17 86.75 74 14.67 67.77 
854 46.45 165.37 76 17.88 100.32 
856 63.37 275.19 78 20.97 139.17 
858 78.34 416.91 80 25.02 185.15 
860 94.06 589.32 82 29.54 239.70 
862 113.13 796.51 84 34.70 303.94 
864 137.94 1047.59 84.6 36.41 325.27 
866 154.61 1340.14 86 38.63 377.80 
868 170.09 1664.84 88 41.96 458.40 
870 202.02 2036.95 90.1 50.24 555.21 
872.2 221.85 2503.21 
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Spillway Elevation = 872.0 feet Spillway Elevation = 90.1 feet 
Volume = 2503 acre-feet Volume = 555.2 acre-feet 
Surface Area = 222 acres Surface Area = 50 acres 
Water Surface on May 25, 2000 Water Surface on May 2, 2000 
Elevation = 684.0 feet Elevation = 84.6 feet 
Volume = 1074 acre-feet Volume = 325.2 acre-feet 
Surface Area = 138 acres Surface Area = 36.4 acres 








Shatto Reservoir Physical Data 














































































































Shatto Reservoir 
Elevation Area Storage 
(feet) (acres) (acre-feet) Additional Notes 
846 0.19 0.18 
848 0.47 0.75 
850 1.15 2.44 
852 1.89 5.48 
854 2.59 9.96 
856 3.24 15.78 
858 4.27 23.28 
860 5.45 33.01 
862 6.86 45.26 
864 8.42 60.51 
866 10.03 78.93 
868 11.57 100.56 
870 13.08 125.19 
872 14.62 152.90 
874 16.40 183.80 
876 18.60 218.80 
878 20.56 258.00 
880 22.38 300.92 
882 24.22 347.55 
884 25.75 397.51 
886 27.33 450.55 
888 29.00 506.92 
890 30.49 566.41 
890.3 30.76 575.59 Lake condition July 20, 2000 
892 32.02 628.98 
893 32.80 661.37 
894 33.51 694.53 
895.6 34.68 749.08 Top of Dam 
[LIMITS] 
Elmwood Reservoir 
Maximum Storages fi: os. Goetie teh Maser tiagdaee tae ane ae ea eee eis 2503 acre-feet 
MINIMUM STOFAGE esi eet er emead eS i eave ice teaiu Sy han ah cee tatarne gas eaedeeenades tide 417 acre-feet 
Drainage :DaSIN SIZE Messier deved teen ends he ledvia ane ne steeds dehant ue ctvixescandvates 6.41 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
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Golf Course Reservoir 


Maximum :Storagesscn. eked tek teased arseale theres Cin ree leah nate g eicer eb bei toned efieey sane 555 acre-feet 
Minimum poOol StOrage......... 2... eceeeee cee eee eee eee eeeeee see steseesitstiststtssssseresses: L62 acre-feet 
Drainage DaSIN SIZEC........... cece cece ete ee cee eee ee eee etseetsattssettssstsseeesee L.06 Square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


Shatto Reservoir 


MaxiIMUM:StOrage ssezcgcisee at atwrariche set beabeieadsarek deaeet nadnagek te eepaniens a beeeee: 661 acre-feet 
MINIMUM StOrAGe...... 2.2... c cece eee cee eects ee eee ee ee eee eee stestettititttitttsstseseeess 00 acre feet 
Drainage baSin SIZ@............ ccc cece cece eee ene eects eee et ate tseetsetttsteesseettsaee L73 ACreS 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Elmwood Reservoir is estimated to be 3.0 inches per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. Seepage from Golf Course 
Reservoir is estimated to be 1.5 inches per month when at or near full capacity and approaches 0.0 
inches as the reservoir is emptied. 


These two reservoirs are bound by earthen dams composed of compacted clay-rich materials - 
seepage through the dams is considered negligible. 


Seepage from Shatto Reservoir is estimated to be 3.0 inches per month when at or near full capacity 
and approaches 0.0 inches as the reservoir is emptied. Owners have not been completely successful 
in sealing off a leak at the base of the dam. 


[RAINFALL] 
Precipitation values for the drought of record were obtained from Milan, Missouri 


Average precipitation in Milan was 37.2 inches between 1950 and 2000. The most severe drought 
occurred between 1952 and 1957 with annual precipitation values in Milan of 28.01 inches, 26.22 
inches, 34.07 inches, 36.22 inches, and 29.03 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Locust 
Creek stream gauge near Linneus. 


The drainage area monitored by this stream gauge covers approximately 550 square miles. When 
this regional runoff value is inconsistent with precipitation values recorded for Milan, individual storm 
events were considered. Antecedent moisture was estimated for each storm event and adjustments 
to the Natural Resource Conservation Service’s (NRCS) runoff curve number were made to estimate 
runoff from each storm event (See Appendix A for additional information). 


[EVAP.] 
Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were used to 


estimate water loss from Elmwood, Golf Course and Shatto Reservoirs due to evaporation. This data 
was supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
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Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. An 
adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 

Water demand was obtained from records reported by the city records to Missouri Department of 
Natural Resources “Major Water Users Data Base”. Their water use has increased significantly 
because of Premium Standard Farms hog processing plant and the poultry processing plant. This 
analysis used a total of 1.65 million gallons per day. 


The average daily demand by use in year 2000 follows: 


Milan treatment plant production 


PWSD# 4s s ccc canseea pe shiesaaanio-deianteas abe 300,000 gallons per day..............0.92 acre-feet. 

Poultry proceSSing............0::csceeeeeeeeeaes 353,000 gallons per day.............. 1.08 acre-feet. 

City USE. et Ad pctiseiacas, hadnt 297,000 gallons per day.............. 0.91 acre-feet. 

Total finished water..............:00::ceeeee eee 950,000 gallons per day.............. 2.91 acre-feet. 

Raw water tO PSF.............:00ceeeeeeeeee ees 700,000 gallons per day............... 2.15 acre-feet. 

Total demand................::c::ceeeeeeeeeeeess-1.65 million gallons per day........... 5.06 acre-feet. 
[OTHER] 


The volume of water diverted from Locust creek into Elmwood Reservoir. 


Determination of the volume of water available for pumping was made using daily discharges at 
the stream gage at Linneus. The drainage area at Linneus is 550 square miles and the drainage 
area at the point of pumping is 225 square miles. Daily discharge rates at the point of diversion 
were determined by a ratio of drainage areas. Pumping was only planned for flows above 10 cubic 
feet per second. Ten cubic feet per second allows for pumping plus in-stream flow needs. The 
maximum rate of pumping was 3000 gallons per minute or 6.68 cubic feet per second. It was 
necessary to have continuous pumping when Locust Creek carried sufficient flow. 


312 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Elmwood Reservoir 
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ELMWOOD RESERVOIR 
TGPOGRAPHIC SURVEY 

MILAN, MISSOURI PART OF SEC. 26,35 T63N_R2QW 
Survey ond Coleulations by NRCS—Watershed Project Office 
Milan, Migsouri 

6-6-2000 


Bathymetric map and area/volume table of Elmwood Reservoir, Milan, Missouri. puri. 


Figure 32.1.a 
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Golf Course Reservoir 


Note: North Arrow Direction is approximate 


GOLF COURSE 
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Existing Water ot Assumed Elevation 84.6" 
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PART OF SEC. 1,12 T62N R20W 

OLD RESERVOIR— MILAN, MISSOURI 
Survey end cofcukrifons done by 
NRCS, Milton, Ma. May 26, 2000 


Bathymetric map and area/volume table of Golf Course Reservoir, Milan, Missouri. 


Figure 32.1.b 
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(feet) (acres) | (acre-ft) (feet) (acres) | (acre-ft) 
Pp 852.0] 1.9] 5.5 
| 862.0] 6.9] 45.3] 
| 866.0] 10.0] 78.9) 
| 868.0] 11.6] 100.6) 


Table Lake elevations and respective surface areas and volumes. 
Elevation of top of dam is approximately 895.6 feet. Datum is sea level. 
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EXPLANATION 


—880— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Datum is sea level. 


—890— WATER SURFACE—Shows approximate elevation of water surface, 
July 20, 2000 (actual elevation 890.3 feet, table 1). Datum is sea level. 


= U.S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled square 


located on rock ledge approximately 125 feet southwest of boat ramp. 
Elevation 894.4 feet. Datum is sea level. 


ae Bathymetric map and area/volume able for Shatto Lake near Milan, Missouri. 


science for a changing world 


Figure 32.1.c 
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Milan Lakes System 
Water Supply Study - Milan, Missouri 
Water Use 
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Figure 32.2 
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Golf Course Lake 
Water Supply Study - Milan, Missouri 
RESOP Model Results 
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Figure 32.3.b 
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Shatto Lake 
Water Supply Study - Milan, Missouri 


RESOP Model Results 
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Figure 32.3.c 
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Elmwood Lake 
Water Supply Study - Milan, Missouri 
Storage Volume and Surface Area 
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Golf Course Lake 
Water Supply Study - Milan, Missouri 
Storage Volume and Surface Area 
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Shatto Lake 


Water Supply Study - Milan, Missouri 
Storage Volume and Surface Area 
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Sugar Creek Reservoir 
Water Supply Study — Moberly, Missouri 
Drought Assessment Analysis 


Il. Overview 


Sugar Creek Reservoir (figure 33.1) is located in Randolph County, Missouri, Approximately two 
miles north of the City of Moberly. Sugar Creek Reservoir is the primary source of water for the 
City of Moberly. In the past, Moberly has sold finished water to a public Water Supply district but 
because of shortages during periods of drought, the water district and non-municipal demands 
were removed from the system in 1992. The Sugar Creek Reservoir serves a population of 
approximately 13,741 with an estimated water demand of 1.44 million gallons per day (figure 
33.2) according to the 2008 Census of Missouri Public Water Systems (maintained by the Public 
Drinking Water Branch, Missouri Department of Natural Resources). 


Sugar Creek Reservoir has a drainage area of 11.05 square miles and is located on Sugar 
Creek, a tributary to East Fork Chariton River. The reservoir would be unable to supply the 
normal 2001 demand of 1.54 million gallons per day. The reservoir would be empty from 1956 
through 1958. The optimum yield the lake is able to produce with no additional water being 
added to the system is 1.20 million gallons per day (figure 33.3). By diverting water into Sugar 
Creek Reservoir from East Fork Chariton River at a rate of 800 gallons per minute, the demand 
of 1.54 million gallons per day could be met. When flow in East Fork Chariton River is not 
sufficient for diversion, the city would be able to purchase water from Long Branch Reservoir at 
Macon. Water can be released from Long Branch Reservoir and allowed to flow downstream to 
the pump intake near Moberly. Moberly has been reporting East Fork Chariton River as a supply 
source beginning in 1992. 


The volume of water that would be required by pumping from East Fork Chariton River: 


TOSS teataess oulehen vera Danan a nena bane 317.3 million gallons 
TOSS loteedsoieneaweouihiadeanae tec adtenobne 421.3 million gallons 
TO5G 2scsectaeian tassels o2 dim duaencus rosettes 421.3 million gallons 
1957. Bie aes ovate tas ada etine 421.3 million gallons 
DOD Biss MN iaskus uve tacdnan ett Ban teeny 208.5 million gallons 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United 
States Department of Agriculture (USDA). The RESOP model assesses the remaining water 
storage in a lake or reservoir by summing volumetric gains and losses on a monthly basis for a 
given year. Factors that are taken into account in the model include reservoir volume, drainage 
area, precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more 
thorough description of the RESOP model program. 


Two scenarios were analyzed for the Sugar Creek reservoir system using the RESOP model: 


1. The first scenario assesses the water budget for the reservoir with no additional sources of 
water (no diversion from the East Fork Chariton River). An analysis of ‘Normal’ demand 
(actual demand from 2001) was applied to the reservoir during the drought of record to 
assess potential water deficits. A second analysis for ‘Optimum’ demand was performed to 
determine the firm yield from the reservoir without additional water sources - this value 
represents the viable quantity of water available. Figure 33.3 illustrates the relationship 
between these two analysis - when actual demand is applied to this scenario the reservoir is 
completely emptied and would not be capable of supplying water to meet demand. The 
optimum yield is insufficient to meet demand. 


2. The second scenario analyzes ‘Normal’ demand for the Sugar Creek Reservoir system when 


additional water is pumped to the reservoir from the East Fork Chariton River (figure 33.3). 
Based on this analysis, it was estimated that water diverted from the East Fork Chariton 
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River to the reservoir would allow Moberly to meet the 2001 demand of 1.537 million gallons 
per day. It would be necessary to pump 800 gallons per minute continuously from March 
1954 through March 1958. 


ll. Drought Assessment Summary 


The Sugar Creek Reservoir system without additional sources of water is not sufficient to meet 
demand. The 2001 demand of 1.537 million gallons per day, when applied to the reservoir 
during the drought of record (with no other sources of water) would have resulted in water 
deficits January 1956 through June 1958. The estimated optimum yield from the Sugar Creek 
Reservoir system without supplementary supplies is 1.2 million gallons per day (figure 33.3). 


The Sugar Creek Reservoir system is capable of meeting and exceeding the 2001 demand of 
1.537 million gallons per day with additional water diverted to the reservoir from the East Fork 
Chariton River. The 2001 demand of 1.537 million gallons per day can be met if water is diverted 
from the river, averaging 800 gallons per minute continuously when the lake level falls below 
elevation 736 feet (2500 acre-feet remaining in the reservoir) from March 1956 through March 
1958. The optimum yield is 1.200 million gallons per day. 


lll. RESOP Model Parameters 


Terms in brackets refer to ‘control words’ for the RESOP program. Each term represents one or 
more values that are used to calculate the modeled water balance for the given reservoir or lake. 
The descriptions that follow describe the methodology and protocol for deriving these values. A 
detailed description of the variables addressed by each control word is provided in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Sugar Creek Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources December 15-18 and 30-31, 2003. Surface area of the lake 
and associated storage volume capacity are illustrated in figure 33.4. 


Sugar Creek Lake Physical Data 













































































Sugar Creek Reservoir 
Elevation Area Volume 

(feet) (acres) (acre-feet) Additional Notes 

716 0.1 0.01 

718 11.9 8.1 

720 39.1 55.4 

722 68.7 163 

724 93.8 328 

726 117 539 

728 141 797 

730 164 1,100 

732 188 1,460 

734 214 1,860 

736 230 2,300 

738 245 2,780 

740 259 3,280 

742 279 3,820 

744 297 4,400 

746 314 5,010 
746.8 320 5,250 Spillway Elevation 
746.9 332 5,290 Mean Lake Conditions December 15-18, 2003 
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[LIMITS] 
Maximum Storage .css:. sees.Gc3 eevee coy ede eee panes Sete eeeee cesta se eval nen 5250 acre-feet. 
MINIMUM StOrAGe......... 6.0 cece cette reece eee eters ttt titties 30 acre-feet. 
Drainage baSin SIZe............ cece cece eee eects eeeseeeeteeeeteaetseetssstseeeesss:L1.05 Square miles. 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Sugar Creek Lake is approximately 3.0 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 
Precipitation rates from Moberly, Missouri were used for this analysis. 


Average annual rainfall for the period 1951 through 2002 is 37.8 inches. Annual rainfall for 1953 
through 1957 is 24.9, 34.8, 37.7, 27.9, and 34.0 inches. 


[RUNOFF] 


Regional monthly runoff values were determined from stream gauge data. A monthly runoff 
volume in watershed inches was determined from data collected at the Moniteau Creek gauge 
near Fayette, Missouri. Another gauge on Elk Fork Salt River (near Paris, Missouri) was also 
comparatively analyzed. Measurements recorded at the lake were similar to those observed at 
the two gauges. For this analysis, regional runoff was determined at the Moniteau Creek 
drainage basin. Both drainages rise in the Moberly area and have soil types and topography 
similar to that of Sugar Creek drainage basin. Results were similar and because Moniteau Creek 
gauge has the most complete data, it was used to represent Sugar Creek drainage basin. For 
months where precipitation values appeared inconsistent with measured runoff values, daily 
rainfall values were considered. Antecedent moisture was estimated for each rainfall event and 
adjustments to the Natural Resource Conservation Service (NRCS) runoff curve number were 
made to estimate runoff for each storm event. (See Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Sugar Creek Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at New Franklin, Missouri, or 
Columbia, Missouri, depending on which station had the most recent data. An adjustment factor 
of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 

Water demand for this analysis, 2001 demand of 1.537 million gallons per day was used. 
Values for water usage by Moberly are illustrated in figure 33.2. Between 1987 and 2001, water 
demand in Moberly is increasing at 4 percent per year. Optimum demand (yield) from Sugar 


Creek Reservoir without an additional source of water (pumping from the East Fork Chariton 
River) is 1.200 million gallons per day. 
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[OTHER] 


For this evaluation the pumps were run full time pumping 800 gallons per minute continuously 
from March 1954 to March 1958 from East Fork Chariton River. When the stream did not have 
enough flow would be released from Long Branch Reservoir at Macon to allow pumping from the 
stream. 
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BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Contours tested 1.51 feet vertical accuracy at 
95 percent confidence level. 








WATER SURFACE—Shows approximate elevation of water surface, 
December 15-18, 30-31, 2003 (mean water-surface elevation during 
survey period was 746.9 feet, table 31). 
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Sugar Creek Lake 
Water Supply Study - Moberly, Missouri 
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Sugar Creek Lake 
Water Supply Study - Moberly, Missouri 
RESOP Model Results 





—— Storage Volume (Normal Demand) 


—— Storage Volume (Optimized Demand) 
—— Storage Volume (Normal Demand - With Diversion) 


6,000 


5,000 


4,000 


3,000 


2,000 


Storage Volume (acre-ft) 





1951 1952 1953 1954 1955 1956 1957 1958 1959 


Toa Figure 33.3 


329 


Missouri Department of Natural Resources 


Water Resources Center Missouri Water Supply Study June 2011 


Sugar Creek Lake 
Water Supply Study - Moberly, Missouri 
Storage Volume and Surface Area 
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Route “J” Lake 


Water Supply Study - Monroe City, Missouri 
Drought Assessment Analysis 


Il. Overview 


Route “J” Reservoir (figure 34.1) is located 4.5 miles southeast of Monroe City in western Ralls 
County, Missouri. The drainage area is 8.20 square miles. Monroe City water supply comes from 
the city owned lake on Route "J" and may be supplemented by South Lake, a smaller city lake. 
South Lake was not surveyed. The South Reservoir was not considered part of this analysis. 
Monroe City is located in the extreme northeast corner of Monroe County, Missouri. The Route 
“J” Reservoir serves a population of approximately 2,700 with an estimated water demand of 0.40 
million gallons per day according to the 2008 Census of Missouri Public Water Systems 
(maintained by the Public Drinking Water Branch, Missouri Department of Natural Resources). 
Monroe City sells finished water to Marion County Public Water Supply District #1. 


Monroe City reported using 0.418 million gallons per day in 2001, based on Year 2001 total use 
of 152,701,000 gallons (figure 34.2). There has been significant fluctuation in water use with a 
high in 1991 of 1.03 million gallons per day then in 1993 demand was 0.315 and later in 1997 
they used 0.785 million gallons per day. A rural water district transferred to an another source of 
water, which reduced the 1997 demand from 785,000 gallons per day to 418,000 gallons per day 
in 1999. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Route “J” Reservoir. Although an additional water supply lake, 
South Lake, can be used to supplement Monroe City’s water supply, the contribution of this 
reservoir to available supplies was not considered within the context of this model. The model 
assumes that ‘Normal’ demand for Monroe City is 0.418 million gallons per day and that 
‘Optimum’ demand from the lake is 1.01 million gallons per day. Figure 34.3 illustrates these 
relationships. 


ll. Drought Assessment Summary 


The Route “J” Reservoir is capable of meeting and exceeding the 2001 demand of 0.418 million 
gallons of water per day. The 2001 demand, when applied to the Route “J” Reservoir during the 
drought of record would have resulted in ample water supplies with 750 acre-feet of water 
remaining in the reservoir. Optimum yield for the lake is 1.01 million gallons per day. This analysis 
shows the Route "J" Reservoir capable of supplying approximately 2.4 times the 2001 demand. 


lll, RESOP Model Parameters 
Terms in brackets refer to ‘control words’ for the RESOP program. Each term represents one or 
more values that are used to calculate the modeled water balance for the given reservoir or lake. 


The descriptions that follow describe the methodology and protocol for deriving these values. A 
detailed description of the variables addressed by each control word is provided in Appendix A. 
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[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Route “J” Reservoir 
(figure 34.1) conducted by the United States Geological Survey (USGS) under contract from the 
Missouri Department of Natural Resources on June 5, 2002. These relationships are illustrated in 
figure 34.4. 


Route “J” Lake Physical Data 
















































































Route “J” Reservoir 
Elevation Area Volume 
(feet) (acres (acre-feet) Additional Notes 
638 0.10 0.05 
640 1.00 1.04 
642 4.04 5.47 
644 9.01 18.43 
646 14.40 41.84 
648 19.31 75.44 
650 25.18 119.85 
652 30.99 175.79 
654 37.13 243.87 
656 43.46 324.36 
658 50.13 417.99 
660 56.71 524.80 
662 63.70 645.33 
664 70.71 779.52 
666 79.82 929.37 
668 88.37 1,097.86 
669.3 94.90 1,216.31 Lake Conditions June 5, 2002 
669.6 99.45 1,245.56 Spillway 
[LIMITS] 
Maximum:St0rage.:s iui ten tet baa ate aks 1,245 acre-feet 
MIRIMUMStOlAQ ES rior das rede die sadieide a eee apa ieata tees 30 acre-feet 
Drainage: basin SIZ6\: 22 /cs ive eval fovete eens ita tenets ted 8.2 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 
Seepage from the primary lake was estimated to be 2.5 inches per month when the reservoir is at 
or near full capacity and 0.0 inches per month as the water level approaches the lower limits of 


the pool. The earthen dam on the Route “J” Reservoir is composed primarily of clay-rich materials 
and seepage through the dam is minimal. 
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[RAINFALL] 
Precipitation rates from Monroe City, Missouri were used for this analysis. 


Average annual rainfall at the Monroe City rain gauge for the latest 30 years of record is 40.49 
inches. Annual rainfall for 1953 through 1957 is 28.38, 34.63, 38.45, 27.23, and 45.13 inches. 


[RUNOFF] 
Runoff values from North Fork Salt River were used for this analysis. 


Regional monthly runoff values were determined from stream gauge data. A monthly runoff 
volume in watershed inches was determined from data collected at the North Fork Salt River 
gauge near Shelbina, Missouri. Another gauge on Salt River (near Bethel, Missouri) was also 
comparatively analyzed. Measurements recorded at the two gauges were similar. For months 
where precipitation values appeared inconsistent with measured runoff values, daily rainfall 
values were considered. Antecedent moisture was estimated for each rainfall event and 
adjustments to the Natural Resource Conservation Service (NRCS) runoff curve number were 
made to estimate runoff for each storm event. (See Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Route “J” Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at New Franklin, Missouri, or 
Columbia, Missouri, depending on which station had the most recent data. An adjustment factor 
of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


Values for water usage by Monroe City are illustrated in figure 34.2. Water demand in Monroe 
City has been inconstant each year varying from 3.03 million gallons per day in 1991 to a low of 
0.315 million gallons per day in 1993. For this study 0.418 million gallons per day according to the 
2008 Census of Missouri Public Water Systems (maintained by the Public Drinking Water Branch, 
Missouri Department of Natural Resources). 
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Route "J" Lake 
Water Supply Study - Monroe City, Missouri 
Water Use 
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Figure 34.2 
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Route "J" Lake 
Water Supply Study - Monroe City, Missouri 
Storage Volume and Surface Area 
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Mozingo Creek Reservoir 
Drought Assessment Analysis - Maryville, Missouri 
Drought Assessment Analysis 


Il. Overview 


Mozingo Creek Reservoir is located in Northwest Missouri, in Nodaway County, and owned 
by the City of Maryville. It is designed for flood control, recreation and municipal water 
supply. The lake was planned and constructed as a watershed lake through the United 
States Department of Agriculture’s Natural Resource Conservation Service (NRCS) small 
watershed program (PL-566) in cooperation with the City of Maryville. Maryville began 
using water from Mozingo Creek Lake in 1999. The lake is located about 3 miles east of 
Maryville. Prior to construction of this lake, water was taken from the 102 River. The 
Mozingo Creek Reservoir serves a population of approximately 9,872 with an estimated 
water demand of 1.33 million gallons per day according to the 2008 Census of Missouri 
Public Water Systems (maintained by the Public Drinking Water Branch, Missouri 
Department of Natural Resources). Maryville sells finished water to Nodaway Public Water 
Supply District #1. In 2001 Maryville reported water use of 1.92 million gallons per day. The 
trend of water use has been increasing about 2.3 percent per year for the period 1987 
through 2004. 


The City of Maryville draws water directly from the reservoir to the treatment facility, and 
the reservoir, itself, can be supplemented with water from 102 River. Figure 35.2 illustrates 
historical water demand by Maryville. 


This water supply study was performed using the Reservoir Operation Study Computer 
Program (RESOP) developed by the Natural Resource Conservation Service (NRCS) of 
the United States Department of Agriculture (USDA). The RESOP model assesses the 
remaining water storage in a lake or reservoir by summing volumetric gains and losses on 
a monthly basis for a given year. Factors that are taken into account in the model include 
reservoir volume, drainage area, precipitation, seepage, evaporation, and others. Please 
refer to Appendix A for a more thorough description of the RESOP model program. 


ll. Drought Assessment Summary 


The Mozingo Creek Reservoir is capable of meeting Maryville’s demand for water during 
times of extended drought. The 2001 demand on the reservoir was approximately 1.92 
million gallons per day (figure 35.2), and when this demand volume is applied to the 
reservoir during the drought of record, which was in the 1950’s, the reservoir would have 
12,000 acre-feet of water remaining. The estimated optimum yield from Mozingo Creek 
Reservoir is 2.9 million gallons per day. By utilizing the recreation storage the lake would 
supply 4.0 million gallons per day. The previous water supply system on the 102 River has 
remained in place and can supplement the water supply from Mozingo Creek Reservoir if 
needed. Figure 35.3 illustrates these results. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each 
term represents one or more values that are used to calculate the modeled water balance 
for the given reservoir or lake. The descriptions that follow describe the methodology and 
protocol for deriving these values. A detailed description of the variables addressed by 
each control word is provided in Appendix A. 


Mozingo Creek Lake was planned, designed and constructed in cooperation between the 
city of Maryville and NRCS. A bathymetric map of the lake area is maintained by NRCS. 
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[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Mozingo Creek 
Reservoir conducted by the NRCS. Surface area of the lake and associated storage 
volume capacities are illustrated in figure 35.4. 


Storage allocation: 
SEGIMENt S32 sscr eet ak we ca he to taed ohooh ot ee aie othe hee Bees 2410 acre-feet 


RECrEALION: 3 pipet cise capes eeiierd ola peghata cone Sidenehaa es adit oe eda es = 5285 acre-feet 
Water SUpDly......... 0... : cece cece eee et eee eee eteateettetetttititteteessseees = 9,825 acre-feet 


Mozingo Creek Reservoir Physical Data 



























































Mozingo Creek Lake 
Elevation Area Volume 
(feet) (acres) (acre-ft) 
1010 0 0 
1020 70 350 
1030 150 1,250 
1040 320 3,325 
1045 180 5,500 
1050 640 8,300 
1055 840 12,000 
1060 960 16,500 
1065 1,240 22,000 
1070 1,360 28,500 
1075 1,640 36,000 
Principal spillway elevation = 1060.5 feet. 


Emergency spillway elevation = 1067.3 feet. 


[LIMITS] 

Maximum pool Storage. ........ 2.0 .cceee cee cee eee eee see setete se sstatttitetssesstssseees L7,520 acre-feet 
Minimum pool Storage............ 06: cece cee eee eee eee eeeseesetttteesttesstitstssessesss 2,410 acre-feet 
Drainage baSin SIZC...... 0.0... cece cece ne eens eect eee een ee ene ee nese aentnes 20.92 square miles 


Initial storage was equated to the reservoir at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model 
is January 1951 through December 1959. 


[SEEPAGE] 
Seepage from Mozingo Creek Reservoir is estimated to be 1.0 inch per month when at or 
near full capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is 


bound by an earthen dam composed of compacted clay-rich materials - seepage through 
the dam is considered negligible. 
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[RAINFALL] 
Rainfall data was obtained from the Maryville rain gauge for the period 1951 through 1959. 


Average precipitation in Maryville was 35.0 inches between 1950 and 2000. Precipitation 
values for the drought of record were obtained from Maryville, Missouri reporting station (2 
miles northeast of Maryville). The most severe drought occurred between 1953 and 1957 
with annual precipitation values of 22.41 inches, 38.36 inches, 29.78 inches, 23.22 inches, 
and 32.32 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
White Cloud Creek gauge (a tributary of the 102 River), located near Maryville. The 
drainage area monitored by this stream gauge covers approximately 6.00 square miles. 
When this regional runoff value is inconsistent with precipitation values recorded for 
Maryville, individual storm events were considered. Antecedent rainfall was determined for 
each storm event and adjustments to the Natural Resource Conservation Service’s (NRCS) 
runoff curve number were made to estimate runoff from each storm event (See Appendix A 
for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) 

were used to estimate water loss from Mozingo Creek Reservoir due to evaporation. This 
data was supplemented and compared with evaporation data from the station at Spickard, 
Missouri. An adjustment factor of 0.76 was applied to adjust from pan to lake evaporation. 


[DEMAND] 
Water demand for Maryville was obtained from records maintained by the Missouri 
Department of Resources (Major Water Users database). The 2001 demand for water was 


1.92 million gallons per day, which is used for this analysis. The rate of increase for 
demand has been 2.3 percent per year between 1987 through 2004. 
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Mozingo Creek Reservoir 
Water Supply Study - Maryville, Missouri 
Water Use 
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Figure 35.2 
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Mozingo Creek Reservoir 
Water Supply Study - Maryville, Missouri 
RESOP Model Results 
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Mozingo Creek Reservoir 
Water Supply Study - Maryville, Missouri 
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Rock House Lake 
Water Supply Study — Ridgeway, Missouri 
Drought Assessment Analysis 


l. Overview 


Rock House Lake (figure 36.1) is located in northeastern Harrison County, Missouri, four miles 
east of the City of Ridgeway. Rock House Reservoir is the primary source of water for the City of 
Ridgeway. The Rock House Reservoir serves a population of approximately 530 with 229 
connections. The Rock House Reservoir serves a population of approximately 530 with an 
estimated water demand of 0.03 million gallons per day according to the 2008 Census of Missouri 
Public Water Systems (maintained by the Public Drinking Water Branch, Missouri Department of 
Natural Resources). 


Ridgeway is now obtaining their water supply from Harrison County rural water supply district 
Number 3. In the past, Ridgeway’s water supply came from Rock House Lake. Water was 
pumped from Rock House Lake to a storage lake located one mile west of the city of Ridgeway, 
in sections 32, Mission Township. Water was than pumped to the treatment plant for treatment. 
The storage lake’s drainage area is small and contributed very little to Ridgeway’s water needs. 
Rock House Lake was built as one of the Natural Resource Conservation Service's (NRCS) 
Panther Creek PL-566 watershed project lakes. Plans are being made to connect the city of 
Ridgeway to Harrison County rural water supply district Number 3. 


Historical demand on the reservoir in 1999 was reported to be 38,000 gallons per day, which is 
the demand value used in this model. Figure 36.2 illustrates historical water demand on the Rock 
House Reservoir. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Rock House Reservoir. The model assumes that ‘Normal’ demand 
for Ridgeway is 38,000 gallons per day and that ‘Optimum’ yield from the lake is 246,000 gallons 
per day. Figure 36.3 illustrates these relationships. 


ll. Drought Assessment Summary 


The Rock House Reservoir is capable of supplying Ridgeway’s demand for water during times of 
drought. The 2004 demand on the reservoir was approximately 38,000 gallons per day, and when 
this demand value is applied to the reservoir during the drought of record in the 1950’s, water 
volume in the reservoir would be reduced from 461 acre-feet to 280 acre-feet. The estimated 
Optimum yield from Rock House Reservoir is 246,000 gallons per day. This optimum yield 
estimate includes the lake volume allocated to sediment accumulation. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 
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[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Rock House Reservoir 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on May 28, 2003. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 36.4. 


Rock House Lake Physical Data 



























































Rock House Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-feet) Additional notes 
888 0.01 0.01 
890 0.6 0.7 
892 2.1 2.9 
894 9.8 14.2 
896 20.6 43.3 
898 28.3 93 
900 38.0 159 
902 43.3 240 
904 51.6 334 
906 58.2 443 
906.3 60.8 461 Spillway and Lake conditions on May 28, 2003 
[LIMITS] 
MaXiIMUM StOraGe ...........:.cecceceee cece ee eee ne ae cece ee ee teeaaeaeaeeeeeeeeneaaeaeaeeeeeeneneaaaad 4.61 acre-feet 
MINIMUM !STOLAQG icc secs sieeiet saa cket cen leiads sesced ies sph cad pans sap Sees accede edu daseetee 50 acre-feet 
Drainage DaSIN SIZO ooo... ee ect eee eeeeeneec cece ceeeeeeeesaaaeaeeeeeeetneeeaeaaeaes 8.94 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959 


[SEEPAGE] 


Seepage from Rock House Lake is approximately 1.5 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 


Precipitation values for the drought of record were obtained from the Bethany, Missouri rain 
gauge. 


Average precipitation in Bethany was 37.24 inches between 1970 and 2000. Precipitation values 
for the drought of record were obtained from Bethany, Missouri (approximately 8-miles south of 
Ridgeway). The most severe drought occurred between 1953 and 1957 with annual precipitation 
values in Bethany of 24.09 inches, 32.05 inches, 27.00 inches, 24.31 inches, and 32.27 inches, 
respectively. 
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[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the East 
Fork Big Creek stream gauge, located at Bethany, Missouri. The drainage area monitored by this 
stream gauge covers approximately 95 square miles. When this regional runoff value is 
inconsistent with precipitation values recorded for Ridgeway, individual storm events were 
considered. Antecedent moisture was estimated for each storm event and adjustments to the 
Natural Resource Conservation Service’s (NRCS) runoff curve number were made to estimate 
runoff from each storm event (see Appendix A for additional information). 


[EVAP.] 

Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Rock House Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Spickard, Missouri, New 
Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent data. 
An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 

[DEMAND] 

The value for this report was 38,000 gallons per day. Figure 36.2 illustrates the historical usage. 
City records reported to “Missouri Department of Natural Resources” major water users database 


determined water demand. Ridgeway reported using 13,991,000 gallons of water in 1999 for an 
average 38,000 gallons of water per day. 
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Spring Fork Lake 
Water Supply Analysis — Sedalia, Missouri 
Drought Assessment Analysis 


Il. Overview 


Sedalia is located in Pettis County Missouri, in West Central Missouri. Spring Fork Lake is 
approximately 5 miles south of Sedalia on Spring Fork Creek (figure 37.1). The City of Sedalia 
also sells finished water to Pettis-Johnson-Saline PWSD # 1. The Sedalia water supply system 
serves a population of approximately 20,339 with an estimated water demand of 3.20 million 
gallons per day according to the 2008 Census of Missouri Public Water Systems (maintained by 
the Public Drinking Water Branch, Missouri Department of Natural Resources). 


Sedalia gets their water from two sources, Spring Fork Reservoir and nine wells. In year 2001, 
Sedalia used a total of 990,657,900 gallons of water, 64 percent came from Spring Fork Lake and 
the rest from nine wells. In 2001 the City of Sedalia withdrew an average of 1.735 million gallons 
per day from Spring Fork Reservoir and 0.979 million gallons per day from the nine wells. Figure 
37.2 illustrates historical water use from Spring Fork Reservoir and the nine wells. Water use 
trend has increased 4.7 percent per year between 1998 and 2004. The 2001 demand from the 
reservoir was used to analyze Spring Fork Reservoir. This analysis is to study lake and surface 
water supplies. Contribution from the wells was not considered part of the reservoir analysis. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


One scenario was modeled for Spring Fork Creek Reservoir. Although nine groundwater wells 
are available to supplement this water supply, the contribution of these wells to available supplies 
was not considered within the context of this model. The model assumes that ‘Normal’ demand 
for Sedalia is 1.735 million gallons per day and that ‘Optimum’ yield from the lake is 1.059 million 
gallons per day. Figure 37.3 illustrates these relationships. 


ll. Drought Assessment Summary 


The Spring Fork Reservoir is not able to supply all of Sedalia’s needs. Contribution from the wells 
is required. The 2001 demand on the reservoir was approximately 1.735 million gallons per day. 
When this demand value is applied to the reservoir during the drought of record in the 1950’s, 
water deficits would have occurred in October 1953 through December 1954 and again October 
1956 through March 1957. The estimated optimum demand from Spring Fork Reservoir is 1.059 
million gallons per day (figure 37.3). 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 
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[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Spring Fork Reservoir 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on April 17, 2002. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 37.4. 


Spring Fork Reservoir Physical Data 




































































Spring Fork Reservoir 
Elevation Area Storage 
(feet) (acres) (acre-feet) Additional notes 
870 0.73 0.554 
872 5.09 5.72 
874 13.04 23.50 
876 22.05 57.51 
878 32.46 111.79 
880 43.07 186.96 
882 53.29 283.20 
884 65.92 401.93 
886 80.43 548.43 
888 97.18 725.32 
890 112.43 934.35 
891.6 122.74 1,122.21 Lake conditions on April 17, 2002 
892 126.95 1,171.26 
892.6 131.24 1,249.74 Spillway 
[LIMITS] 
MaXiIMUM StOraGe............ cece eee eee eee eeeeee eee estesteasetttttsatttssssssesL24Q acre-feet 
MINIMUM StOragey Aas i ncedeeee eeeaee ea eas pleased ata ake dea nian de eee ee 60 acre-feet 
Drainage basin SIZ@......... 0.0. .cc cee cee eee cee eee ee cee cena ee ene eeeeneenees 10.98 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 

Seepage from Spring Fork Reservoir is estimated to be approximately 2.25 inch per month when 
at or near full capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is 
bound by an earthen dam composed of compacted clay-rich materials - seepage through the dam 
is considered negligible. 

[RAINFALL] 

Rainfall data came from the Sedalia, Missouri rain gauge for the period 1951 through 1959. 
Average precipitation in Sedalia for the period 1950 through 2000 was 40.5 inches. The most 


severe drought occurred between 1953 and 1957 with annual precipitation values in Sedalia of 
22.17 inches, 34.94 inches, 35.12 inches, 22.14 inches, and 39.87 inches, respectively. 
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[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Lamine River Gauge, located downstream of Spring Fork Lake. The drainage area monitored by 
this stream gauge covers approximately 598 square miles. 


Flat Creek gauge is located upstream of the Lamine River gauge, but only has records for the 
1960's. Results of these gauges were compared for 1960's. The Flat creek gauge had 8 percent 
more runoff, on an annual basis, than the Lamine River gauge. Flat creek drainage has more 
cropland and the soils have higher clay content than Spring Fork Creek. As a result the Lamine 
River gauge records were a better fit for Spring Fork Lake drainage area runoff. 


When this regional runoff value is inconsistent with precipitation values recorded for Sedalia, 
individual storm events were considered. Antecedent moisture was estimated for each storm 
event and adjustments to the Natural Resource Conservation Service’s (NRCS) runoff curve 
number were made to estimate runoff from each storm event (See Appendix A for additional 
information) 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Spring Fork Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at Missouri, New Franklin, 
Missouri, or Columbia, Missouri, depending on which station had the most recent data. An 
adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


Normal demand from Spring Fork Reservoir for 2001 is 1.735 million gallons per day, and was 
used for this analysis. 


City records reported to Missouri Department of Natural Resources ‘Major water users data base’ 
were used to determined demand (figure 37.2). In 2001 Sedalia used a total of 990,657,900 
gallons of water. Of this 633,275,000 gallons came from Spring Fork Reservoir and the rest came 
from their 9 wells. 
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Spring Fork Lake 
Water Supply Study - Sedalia, Missouri 
Storage Volume and Surface Area 
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Shelbina Lake 


Water Supply Analysis - Shelbina, Missouri 
Drought Assessment Analysis 


I]. Overview 


Shelbina is located in Shelby County, in northeast Missouri. Shelbina water supply comes from 
Shelbina Lake located about one mile north of the city (figure 38.1). The reservoir is maintained 
as near maximum capacity as is practical by diverting water into the lake from nearby Salt River. 
The Shelbina Reservoir serves a population of approximately 1,640 with an estimated water 
demand of 0.204 million gallons per day according to the 2008 Census of Missouri Public Water 
Systems (maintained by the Public Drinking Water Branch, Missouri Department of Natural 
Resources). 


The Shelbina Reservoir has been supplemented with water diverted from the Salt River. Water is 
diverted from the Salt River with a pump rated at 600 gallons per minute. Year 2000 water use of 
0.35 million gallons per day was used for this analysis. To meet the demand of 0.35 million 
gallons per day, water is pumped from the Salt River into the reservoir. It was assumed that 
irrigation water used to water the golf course would be replaced by pumping from the river and 
that the result of this would be no adverse effect. Historical water use from the Shelbina Reservoir 
is illustrated in figure 38.2. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. Additional models were used to assess stream flow 
data for the Salt River, however, these models are not described here. The stream flow analysis 
procedure used for the Salt River is described in the Stream Analysis section of this report. 


Three scenarios were analyzed for the Shelbina Reservoir system using the RESOP model: 


1. The first scenario assesses the water budget for the reservoir with no additional sources of 
water (no pumping from the Salt River). An analysis of ‘Normal’ demand of 0.35 million gallons 
per day was applied to the reservoir during the drought of record to assess potential water 
deficits. A second analysis for ‘Optimum’ demand was performed to determine the optimum 
yield from the reservoir without additional water sources - this value represents the viable 
quantity of water available. Figure 38.3.a illustrates the relationship between these two 
analyses. When actual demand is applied to this scenario the reservoirs volume of water is 
entirely depleted and would not be capable of supplying water to meet demand. The optimum 
yield of 0.27 million gallons per day would not empty the reservoir but would draw down the 
water level to the point that the water would not be useable. 


2. The second scenario analyzes ‘Normal’ demand and ‘Optimum’ demand for the Shelbina 
reservoir system when additional water is diverted to the reservoir from the Salt River (figure 
38.3.b). Water from Salt River was diverted when the water level in the reservoir dropped to 
approximately 5 feet below the spillway elevation. Pumping was ceased when the reservoir 
was filled. A stream flow analysis was performed on the Salt River to determine the number 
of days per month stream flow would exceed 23 cubic feet per second to allow for in-stream 
flow needs and allow for pumping. Based on this analysis, it was estimated that water 
diverted from the Salt River to the reservoir would allow Shelbina to meet the demand of 0.35 
million gallons per day. Optimum demand for this scenario would be 0.36 million gallons per 
day. 
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3. The third scenario analyzes ‘Normal’ demand and ‘Optimum’ demand for the Shelbina 
reservoir system when additional water is diverted to the reservoir from the Salt River (figure 
38.3.c). Water from Salt River was diverted when the water level in the reservoir dropped to 
approximately 5 feet below the spillway elevation. Pumping was ceased when the reservoir 
was filled. A stream flow analysis was performed on the Salt River to determine the number 
of days per year that stream flow would exceed 2 cubic feet per second to allow for in-stream 
flow needs and allow for pumping. Seven-day duration ten-year frequency low flow discharge 
in Salt River was determined to be 2 cubic feet per second. Based on this analysis, it was 
estimated that water diverted from the Salt River to the reservoir would allow Shelbina to 
meet the demand of 0.35 million gallons per day. Optimum demand would be 0.49 million 
gallons per day. 


ll. Drought Assessment Summary 


Data reported, by the city, to the Department of Natural Resources data base “Missouri major 
water users” for the period 1989 through 2001 shows the mean city water use of 0.35 million 
gallons per day. The demand of 0.35 million gallons per day can not be met by Shelbina’s 
Reservoir alone. This analysis shows the drought of record to be during the 1950’s. In order to 
assure a water supply during a drought period, such as the one in the 1950's, it would be 
necessary to obtain supplemental water from another source. As a result the city diverts water 
from Salt River into Shelbina’s Reservoir. When the demand of 0.35 million gallons per day is 
applied to the reservoir, deficits would occur January through March 1954 and from October 1956 
through April 1957. The estimated optimum yield from the Shelbina reservoir without 
supplementary supplies is 0.27 million gallons per day (figure 38.3.a). 


The Shelbina reservoir can meet the demand of 0.35 million gallons per day with additional water 
diverted to the reservoir from the Salt River when stream flow exceeds 23 cubic feet per second 
in the river. Calculations and estimates are based on additional stream flow analysis models and 
a maximum pump rate of 600 gallons per minute. If water is diverted to the reservoir at the 
maximum pump rate (when stream flow allows) the optimum yield of the Shelbina reservoir is 
estimated to be 0.36 million gallons per day (figure 38.3.b). 


The Shelbina reservoir is capable of meeting the demand of 0.35 million gallons per day with 
additional water diverted to the reservoir from the Salt River when stream flow exceeds the 7-day 
duration 10-year frequency low flow discharge of 2 cubic feet per second in the river. Calculations 
and estimates are based on additional stream flow analysis models and a maximum pump rate of 
600 gallons per minute. If water is diverted to the reservoir at the maximum pump rate (when 
stream flow allows) the optimum yield of the Shelbina reservoir is estimated to be 0.49 million 
gallons per day (figure 38.3.c). 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 
Volume and surface area data were derived from a bathymetric survey of Shelbina Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 


Department of Natural Resources on June 20, 2001. Surface area of the lake and associated 
storage volume capacities are illustrated in figure 38.4. 


359 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Shelbina Reservoir Physical Data 

































































Shelbina Reservoir 
Elevation Area Volume 

(feet) (acres) (acre-feet) 

700.0 4.09 4.27 

702.0 9.93 18.04 

704.0 15.35 42.73 

706.0 22.75 80.69 

708.0 27.97 131.64 

710.0 36.73 194.48 

712.0 41.50 273.75 

714.0 44.97 360.17 

714.3 45.68 373.75 Lake Condition on June 20, 2001 

715.0 47.06 406.25 Spillway 

716.0 53.66 457.67 

718.0 63.75 575.31 

720.0 81.92 717.84 Top of Dam 
[LIMITS] 
MaXiIMUM StOraGe............cce cece cee eee eeeeee eee eeetaeereeetitttsatettssssseseees 1-406 acre-feet 
Minimum storage......... 20. .:cceeeeeeeeeee eee eee eee eeeeeeeeeetsasettettstttstesesssseeeee LO acre-feet 
Drainage basin SiZC......... 0.0 .ccc cece eee eee ee eee eee settee tee tttttttittssesee 241 Square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950’s. The analysis period for this model is January 
1951 through 1959. 


[SEEPAGE] 


Seepage from Shelbina Reservoir is estimated to be approximately 2.5 inches per month when at 
or near full capacity and approaches 0.0 as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials — seepage through the dam is 
considered negligible. 


[RAINFALL] 

Precipitation values for the drought of record were obtained from Shelbina, Missouri. 

Average precipitation in Shelbina is 37.2 inches. The most severe drought occurred between 
1953 and 1957 with annual precipitation values in Shelbina of 24.1, 33.6, 39.4, 27.88, and 42.38 
inches, respectively. 

[RUNOFF] 

A monthly runoff volume in watershed inches was determined from data collected from the North 
River stream gauge at Bethel. The drainage area monitored by this stream gauge covers 
approximately 58.0 square miles. When this regional runoff value is inconsistent with precipitation 


values recorded for Shelbina, individual storm events were considered. Antecedent moisture was 
determined for each storm event and adjustments to the Natural Resource Conservation 


360 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


Service’s (NRCS) runoff curve number were made to estimate runoff from each storm event (see 
Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Shelbina Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at New Franklin, or Columbia, 
Missouri, depending on which station had the most recent data. An adjustment factor of 0.76 was 
applied to convert from pan to lake evaporation. 


[DEMAND] 
Demand used in this analysis is 0.35 million gallons per day. 


Water demand was obtained from records reported by the city to Missouri Department of Natural 
Resources “Major Water Users Data Base”. Their water use has been unsteady. In 1989 they 
reported using 0.50 million gallons per day and in 2001 they reported 0.36 million gallons per day. 
For this evaluation a mid-point demand of 0.35 million gallons per day was assumed. During this 
13 years of data, demand trend has steadily decreased by an average of 11,700 gallons per day. 


[OTHER] 


Other is the gain or loss from sources other than the above control words. For the months that 
water was needed to keep Shelbina Reservoir storage at maximum capacity, a 600 gallons per 
minute pump was installed on Salt River. There is an 8-inch pipeline with a 30 horsepower pump 
that is about 0.75 miles long to pump water to the lake. To assure adequate downstream flow in 
Salt River, two sets of data were examined. The 7-day duration 10-year frequency low flow for the 
period 1989 through 1999 was studied for in-stream flow needs and this value was determined to 
be 2 cubic feet second. For the first analyses, a stream flow rate of 23 cubic feet per second was 
chosen and the second analysis included using 2 cubic feet per second and pumping to the lake 
beginning near the spillway elevation. 
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Shelbina Lake 
Water Supply Study - Shelbina, Missouri 
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Figure 38.2 
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Shelbina Reservoir 
Water Supply Study - Shelbina, Missouri 
RESOP Model Results 
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RESOP Model Results 
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Shelbina Reservoir 
Water Supply Study - Shelbina, Missouri 
RESOP Model Results 
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Lake Mahoney and Lake Thunderhead 
Water Supply Study — Unionville, Missouri 
Drought Assessment Analysis 


l. Overview 


Lake Mahoney (figure 39.1.a) and Lake Thunderhead (figure 39.1.b) are located in central 
Putnam County in North Central Missouri. Lake Mahoney is located upstream of Lake 
Thunderhead. Both reservoirs are on Wildcat Creek. Lake Mahoney provides Unionville with their 
water supply. Lake Thunderhead is a privately owned lake and is not designed as a water supply 
reservoir, however it has the capabilities of providing supplemental water supply during periods of 
extreme droughts. Lake Mahoney is located 2 miles North of Unionville with a drainage area of 
2.97 square miles and Lake Thunderhead is located 5 miles north of Unionville having an 
incremental drainage area of 22.96 square miles for a total drainage area of 25.93 square miles. 


Unionville demand is met by Lake Mahoney Reservoir but must be supplemented with water from 
Lake Thunderhead during extended periods of drought. Unionville draws water directly from the 
lakes to the treatment plant. Demand on the system is 0.38 million gallons per day in year 2000. 
Historical water demand on the Lake Mahoney and Lake Thunderhead Reservoirs is illustrated in 
figure 39.2. Unionville’s water demand has remained constant from 1987 through 2003. Unionville 
supplies water to Putnam County Public Water Supply District #1 and Lake Thunderhead 
community. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage in a 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Three scenarios were modeled for Lake Mahoney and Lake Thunderhead. 


The first scenario modeled Lake Mahoney with Unionville’s normal demand of 0.38 million gallons 
per day. The optimum demand from Lake Mahoney is 0.28 million gallons per day. Water 
withdraw from Lake Thunderhead was not considered for this option (figure 39.3.a). 


The second scenario modeled Lake Thunderhead with Unionville’s normal demand with 0.38 
million gallons per day. The optimum demand from Lake Thunderhead is 3.36 million gallons per 
day. Water withdraw from Lake Mahoney was not considered for this option (figure 39.3.b). 


The third scenario modeled Lake Thunderhead comparing three different options. Option one 
displays the normal demand for Unionville from Lake Thunderhead with no input from Lake 
Mahoney. Option two displays the effect on Lake Thunderhead with optimum demand of 0.28 
million gallons per day from Lake Mahoney and none from Lake Thunderhead. The third option 
modeled displays effects on Lake Thunderhead when Lake Mahoney provides 0.28 million 
gallons per day and Lake Thunderhead provides 0.10 million gallons per day to provide for 
normal demand of 0.38 million gallons per day (figure 39.3.c). Figure 39.3.d displays figure 39.3.c 
in terms of elevation over time to demonstrate effects on water elevation. 


ll. Drought Assessment Summary 
The Lake Mahoney reservoir is at risk of not meeting the community's demand for water during 


times of drought. The year 2000 demand on the reservoir was approximately 0.38 million gallons 
per day, and when this demand value is applied to the reservoir during the drought of record in 
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the 1950’s, water deficits would have occurred from January 1956 until April 1958. The estimated 
optimum yield from Lake Mahoney Reservoir is 0.28 million gallons per day (figure 39.3.a). 


Lake Thunderhead is capable of supplementing the water shortage. Lake Thunderhead Modeling 
shows that the reservoir could provide 0.38 million gallons per day with 12,700 acre-feet 
remaining in the lake at elevation 963.8 feet or 5.5 feet below the spillway. If Unionville’s demand 
of 0.38 million gallons per day were met by Lake Mahoney’s optimum demand of 0.28 million 
gallons per day an 0.10 million gallons per day from Lake Thunderhead, Lake Thunderhead water 
level would be at elevation 964.2 feet with 12,500 acre-feet remaining in the reservoir. Figures 
39.3.b through 39.3.d shows these results. Figure 39.3.e represents reduction of water storage in 
Lake Thunderhead when optimum demand was applied to both Lake Thunderhead and Lake 
Mahoney. 


Ill. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 


[STO-AREA] 


Volume and surface area data were derived from bathymetric surveys of Lake Mahoney and Lake 
Thunderhead conducted by the United States Geological Survey (USGS) under contract from the 
Missouri Department of Natural Resources. On April 6, 2004 for Lake Mahoney was surveyed 
and Lake Thunderhead was surveyed March 29 through April 3, 2004. Surface area of the lakes 
and associated storage volume capacities are illustrated in figure 39.4.a and 39.4.b. 


Lake Mahoney and Lake Thunderhead Physical Data 



















































































Lake Mahoney Lake Thunderhead 
959.0 1.1 0.3 932.0 16.8 10.1 
961.0 7A 8.5 934.0 48.7 76.5 
963.0 14.4 30.2 936.0 78.0 202 
965.0 21.8 66.2 938.0 118 398 
967.0 31.1 120 940.0 162 678 
969.0 39.1 190 942.0 208 1,050 
971.0 45.9 270 944.0 260 1,510 
973.0 52.5 370 946.0 304 2,080 
975.0 60.1 490 948.0 356 2,740 
977.0 72.3 620 950.0 412 3,500 
977.3 75.5 640 952.0 476 4,390 
979.0 98.0 790 954.0 537 5,400 
981.0 129 1,020 956.0 598 6,540 
985.0 154 1,580 958.0 660 7,800 
987.0 168 1,900 960.0 721 9,180 
989.0 183 2,250 962.0 791 10,690 
989.5 187 2,360 964.0 864 12,340 
966.0 940 14,140 
967.3 989 15,400 
967.8 1,010 15,900 
968.0 1,040 16,100 
970.0 1,100 18,240 
971.3 1,140 19,690 
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Water Resources Center Missouri Water Supply Study June 2011 
Elevation Top of Dam = 989.5 feet Elevation Top of Dam = 971.3 feet 
Elevation Spillway = 977.0 feet Elevation Spillway = 967.3 feet 
Lake Condition on April 6, 2004 Lake Condition on April 6, 2004 
Elevation = 977.3 feet Elevation = 967.8 feet 
[LIMITS] 


Lake Mahoney 


Maximum StOra ge iscsi. ccissciscodthetcuitesesceut bested otipeteastisae Maik Westieed tt need 620 acre-feet 
MINIMUM StOraQe cree css si teeuse asec cbeanl diakosenceiid, sme dae haenean eM eben dees 120 acre-feet 
Drainage BASIN SIZO 20.2... eee eee cece ceeeeeeeeceec aces ce eeeeseesaaaeaeeeeeeetneeeaaaaeaes 2.97 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 


Lake Thunderhead 

Maximum StOra ge svescsiscciisieisuesit iteeuinesienect havteeutepsaeesiehipacdt adetat digeed 15,400 acre-feet 
MINIMUM, StOraAQe eee. s tees. tase hese cahosaaet cht tipecdiena heiehas GRA 1,500 acre-feet 
Drainage DaSIN SIZE ......... eee ceeececeeeceeeeeneee cece teense aaaaeaeeeeeeeteenaaaateneeees 22.96 square miles 
Total basin size including Lake Mahone)y................:0ce:eeeeeeeee eres 25.93 square miles 


Initial storage volume was equated to the reservoir volume at maximum capacity. 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1959. 


[SEEPAGE] 


Seepage from Lake Mahoney is approximately 1.0 inch per month when at or near full capacity 
and approaches 0.0 inches as the reservoir is emptied. Seepage from Lake Thunderhead is 
approximately 3.0 inches per month when at or near full capacity and approaches 0.0 inches as 
the reservoir is emptied. The reservoirs are bound by earthen dams composed of compacted 
clay-rich materials - seepage through the dam is considered negligible. 


[RAINFALL] 


Average precipitation at Unionville was 36.6 inches between 1950 and 1993. Precipitation values 
for the drought of record were obtained from Unionville, Missouri. The most severe drought 
occurred between 1953 and 1957 with annual precipitation values in Unionville of 24.1, 33.6, 
39.4, 27.88, and 47.1 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the Locust 
Creek stream gauge at Linneus. The drainage area monitored by this stream gauge covers 
approximately 550 square miles. 


Monthly runoff volumes in watershed inches were determined and comparisons were made for 
the Locust Creek River Gauge at Linneus, Medicine Creek near Galt, and South Fork Chariton 
River near Promise, lowa. The three gauges yielded similar monthly runoff volumes. The South 
Fork Chariton River gauge did not have enough years of data to evaluate the drought of record. 
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After these comparisons, Locust Creek gauge was chosen to represent runoff for the watershed. 


When these regional runoff values are inconsistent with precipitation values recorded for 
Unionville, individual storm events were considered. Antecedent rainfall was determined for each 
storm event and adjustments to the Natural Resource Conservation Service’s (NRCS) runoff 
curve number were made to estimate runoff from each storm event (See Appendix A for additional 
information) 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Lake Mahoney and Lake Thunderhead due to evaporation. This 
data was supplemented and compared with evaporation data from stations at Spickard, Missouri, 
New Franklin, Missouri, or Columbia, Missouri, depending on which station had the most recent 
data. An adjustment factor of 0.76 was applied to convert from pan to lake evaporation. 


[DEMAND] 


The year 2000 demand was used for this evaluation and was reported to be an average of 0.38 
million gallons per day. 


Water demand was obtained from records reported by the city of Unionville, to Missouri 
Department of Natural Resources “Major Water Users Data Base”. Unionville began reporting 
their water use in 1987. Their water use fluctuates but is reasonably steady. In 1994 they 
reported using a high of 155,584,000 gallons and in 1997 was the low usage of 115,000,000 
gallons. 
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feet acres) | (acre-ft 
977.0 
977.3 
979.0 | 98 | 790.0 | 
981.0 
985.0 
987.0 
989.0 
989.5 
Table 39.1.a Lake elevations and respective 
surface areas and volumes. Top of spill- 
way structure is 977.0 feet. Top of dam is 
approximately 989.5 feet. Elevations 
referenced to North American Vertical 
Datum 1988 (NAVD 88). 
Note: Volumes calculated from 
surface testing 1.50 feet vertical 


accuracy at 95 percent confidence 
level. 
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EXPLANATION 


BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Contours tested 2.47 feet vertical accuracy 
at 95 percent confidence level. 


—9I7i1— 


—977—— WATER SURFACE—Shows approximate elevation of water surface, 
April 6, 2004 (actual is 977.3 feet, table 33). 


By U. S. GEOLOGICAL SURVEY REFERENCE MARKER—Chiseled arrow 
on curb located on north side of boat ramp. Elevation 977.4 feet. 


Figure 39.1.a 


In cooperation with 
Missouri Department 
of Natural Resources 


Figure 39.1.a Bathymetric map and table of areas/valumes of the Mahoney Lake near Unionville, Missouri. 
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Table 39.1.b Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of primary spillway structure is J 
setae a em raency epalway 6 O71 Se 
| 952.0 | | 476 | ! 4,390 | eet. Elevations referenced to No merican 
ee Coed pee 
testing 1.62 feet vertical accuracy at 95 
| 958.0 | 660 | 7,800 | percent confidence level. —s 









































































EXPLANATION 


—970—— BATHYMETRIC CONTOUR—Shows altitude of the reservoir bottom. 
Contour interval 2 feet. Contours tested 2.78 feet vertical accuracy at 
95 percent confidence level. 


——_968— WATER SURFACE—Shows approximate elevation of water surface, 
March 29 through April 3, 2004 (mean water-surface 
elevation during survey was 967.8 feet, table 32). 


U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
Chiseled arrow located on west side of emergency spillway. 
Elevation 970.3 feet. 


1,200 1,800 2,400 3,000FEET Figure 39.1.b 
| | | | 2 | 
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a Figure 39.1.6 Bathymetric map and table of areas/volumes of the Thunderhead Lake near Unionville, Missouri. Missouri Department 
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Lake Mahoney 
Water Supply Study - Unionville, Missouri 
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Lake Mahoney 
Water Supply Study - Unionville, Missouri 
RESOP Model Results 
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Figure 39.3.a 
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Storage Volume (acre-ft) 


Lake Thunderhead 
Water Supply Study - Unionville, Missouri 
RESOP Model Results 





—— Storage Volume (Unionville Demand from Lake Thunderhead) ===Storage Volume (Optimized Demand from Lake Thunderhead) 
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Normal Demand 
Lake Thunderhead = 0.38 mgd 
Lake Mahoney = 0 mgd 
Optimum Demand 
2.000 Lake Thunderhead = 3.36 mgd 
Lake Mahoney = 0 mgd 
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wear Figure 39.3.b 
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Lake Thunderhead 
Water Supply Analysis - Unionville, Missouri 
RESOP Model Results 





—— Storage Volume (Unionville Normal Demand From Lake Thunderhead) 
—— Storage Volume (Lake Mahoney Optimum Demand from Lake Thunderhead) 
—— Storage Volume (Optimum Demand from Lake Mahoney Plus 0.10 mgd from Lake Thunderhead) 
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Storage Volume (acre-ft) 


12,000 


Unionville Normal Demand Lake Thunderhead = 0.38 mgd 
11.500 Lake Mahoney Optimum Demand = 0.28 mgd plus 0.0 mgd from Lake Thunderhead 
, Lake Mahoney Optimum Demand = 0.28 mgd plus 0.10 mgd from Lake Thunderhead 
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—— Water Surface Elevation (Unionville Normal Demand from Lake Thunderhead) 


—— Water Surface Elevation (Lake Mahoney Optinum Demand from Lake Thunderhead) 


—— Water Surface Elevation (Optimum Demand Lake Mahoney Plus 0.10 mgd from Lake Thunderhead) 


Unionville Normal Demand Lake Thunderhead = 0.38 mgd 
Lake Mahoney Optimum Demand = 0.28 mgd plus 0.0 mgd from Lake Thunderhead 
Lake Mahoney Optimum Demand = 0.28 mgd plus 0.10 mgd from Lake Thunderhead 


Lowest Lake Elevations in 1957 
Spillway Elevation = 967.3 feet 
Unionville Normal Demand 0.38 mgd from Lake Thunderhead = 963.8 feet 
Lake Mahoney Optimum Demand - None from Lake Thunderhead = 964.4 feet 
Lake Mahoney Optimum Demand = 0.28 mgd Plus 0.10 mgd from Lake Thunderhead 964.2 feet 


1951 1952 1953 1954 1955 1956 1957 


Year 
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Figure 39.3.d 
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Lake Thunderhead 
Water Supply Study - Unionville, Missouri 
RESOP Model Results 


—— Optimum Demand (Lake Thunderhead and Lake Mahoney) | 





Optimum Demand (Both Lakes in Series 
Lake Thunderhead = 3.36 mgd 
Lake Mahoney = 0.28 mgd 
Total Optimum Demand = 3.64 mgd 
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Figure 39.3.e 
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—— Storage Volume —O—Surface Area | 





Spillway Elevation = 977.0 feet 
Volume = 620 acre-feet 
Surface Area = 172.3 acres 


Water Surface on April 6, 2004 
Elevation 977.3 feet 
Volume = 640 acre-feet 
Surface Area = 75.5 acres 
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Figure 39.4.a 
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—O— Storage Volume —O—Surface Area | 





Emergency Spillway Elevation = 971.3 feet 
Volume = 19,690 acre-feet 
Surface Area = 1,140 acres 


Principal Spillway Elevation = 967.8 feet 
Volume = 15,900 acre-feet 
Surface Area = 1,010 acres 


Water Surface on April 3, 2004 
Elevation = 967.3 feet 
Volume = 15,400 acre-feet 
Surface area = 989 acres 
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Vandalia Lake 
Water Supply Study —- Vandalia, Missouri 
Drought Assessment Analysis 


Il. Overview 


Vandalia is located in the extreme northeast corner of Audrain County. Vandalia Lake is located 
about 6.5 miles northeast of the City of Vandalia, in Pike County (figure 40.1). Vandalia Reservoir 
is the primary source of water for the City. The Vandalia Reservoir serves a population of 
approximately 2,863 with an estimated water demand of 0.25 million gallons per day according to 
the 2008 Census of Missouri Public Water Systems (maintained by the Public Drinking Water 
Branch, Missouri Department of Natural Resources). 


The City of Vandalia draws water directly from the reservoir to the treatment facility, and the water 
supply to the city can be supplemented, if needed, with water from Mark Twain Reservoir as well 
as abandoned strip pits formerly used to mine clay for bricks. Historical demand on the reservoir 
in 2004 (figure 40.2) was reported to be 281,500 gallons per day. The trend for Vandalia water 
demand has increased about 1 percent per year from 1987 through 2004. This analysis evaluates 
Vandalia’s Reservoir with no additional sources of water. 


This water supply study was performed using the Reservoir Operation Study Computer Program 
(RESOP) developed by the Natural Resource Conservation Service (NRCS) of the United States 
Department of Agriculture (USDA). The RESOP model assesses the remaining water storage ina 
lake or reservoir by summing volumetric gains and losses on a monthly basis for a given year. 
Factors that are taken into account in the model include reservoir volume, drainage area, 
precipitation, seepage, evaporation, and others. Please refer to Appendix A for a more thorough 
description of the RESOP model program. 


Two separate scenarios were modeled. The first scenario was for year 2000 demand of 0.259 
million gallons per day. This analysis resulted in approximately 85 acre-feet of water remaining in 
the lake. Optimum analysis of the existing facility resulted in a demand of 0.33 million gallons per 
day. The second analysis considered raising the current spillway 3 feet in elevation. This analysis 
indicated the optimum demand would be increased to 0.38 million gallons per day. Figure 40.3 
illustrates these relationships. 


ll. Drought Assessment Summary 


The Vandalia Reservoir meets year 2000 demand but does not support a large additional 
demand during a drought such as the 1950’s. The 2000 demand on the reservoir was 
approximately 25,900 gallons per day. When this demand is analyzed, only about 85 acre-feet of 
water remain in the reservoir. The estimated optimum yield from Vandalia Reservoir is 0.33 
million gallons per day without additional water sources (figure 40.3). 


lll. RESOP Model Parameters 


Terms in brackets (and bold text) refer to ‘control words’ for the RESOP program. Each term 
represents one or more values that are used to calculate the modeled water balance for the given 
reservoir or lake. The descriptions that follow describe the methodology and protocol for deriving 
these values. A detailed description of the variables addressed by each control word is provided 
in Appendix A. 
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[STO-AREA] 


Volume and surface area data were derived from a bathymetric survey of Vandalia Lake 
conducted by the United States Geological Survey (USGS) under contract from the Missouri 
Department of Natural Resources on February 23 & 24, 2005. Surface area of the lake and 
associated storage volume capacity is illustrated in figure 40.4. 


Vandalia Reservoir physical data 










































































Vandalia Reservoir 
Elevation Area Volume 
(feet) (acres) (acre-ft) 

638 0 0 

640 0.1 0.1 

642 0.4 0.5 

644 0.6 1.6 

646 1.0 3.1 

648 2.7 6.4 

650 7.1 16.1 

652 10.1 33.6 

654 12.7 56.4 

656 15.7 84.8 

658 18.4 119 

660 21.3 159 

662 23.7 204 

664 26.1 253 

666 28.7 308 

666.3 29.1 317 Spillway and Water Surface elevation on 
February 23 & 24, 2005 

[LIMITS] 
Maximum Storage. .............:cee cee cee cece eee eee ates tees setettaeeseetteststitsstseeee Gl? acre-feet 
MiniMUM Storage. ........ 2... cece cece eee eee ee cee eee eee eee cesses estate steettattsteesseee es 20 acre-feet. 
Drainage BaSin SiZ@............ cece cece cee ee ee eee te ee cence eat est eee seeetetteeteeeeeessae 066 Acres. 


Initial storage volume was equated to the reservoir volume at maximum capacity 
[GENERAL] 


The record period of drought occurred in the 1950's. The analysis period used in this model is 
January 1951 through December 1960. 


[SEEPAGE] 

Seepage from Vandalia Reservoir is approximately 2.0 inch per month when at or near full 
capacity and approaches 0.0 inches as the reservoir is emptied. The reservoir is bound by an 
earthen dam composed of compacted clay-rich materials - seepage through the dam is 
considered negligible. 


[RAINFALL] 


Rainfall data for the drought of record was obtained from Vandalia rain gauge and missing data 
was determined from Bowling Green records. 
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Average precipitation in Vandalia was 37.2 inches between 1950 and 2000. The most severe 
drought occurred between 1952 and 1957 with annual precipitation values in Vandalia of 25.04 
inches, 27.08 inches, 28.51 inches, 32.45 inches, 29.07 inches and 40.49 inches, respectively. 


[RUNOFF] 


A monthly runoff volume in watershed inches was determined from data collected from the 
Youngs Creek stream gauge, located at Mexico approximately 15 miles west of Vandalia. The 
drainage area monitored by this stream gauge covers approximately 67.4 square miles. When 
this regional runoff value is inconsistent with precipitation values recorded for Vandalia, individual 
storm events were considered. Antecedent rainfall was determined for each storm event and 
adjustments to the Natural Resource Conservation Service’s (NRCS) runoff curve number were 
made to estimate runoff from each storm event (see Appendix A for additional information). 


[EVAP.] 


Pan evaporation rates from the Lakeside gauging station (near the Lake of the Ozarks) were 
used to estimate water loss from Vandalia Reservoir due to evaporation. This data was 
supplemented and compared with evaporation data from stations at New Franklin, Missouri or 
Washington University located in St. Louis, Missouri, depending on which station had the most 
recent data. An adjustment factor of 0.76 was applied to convert from pan evaporation to lake 
evaporation. 


[DEMAND] 
Water demand in 2000 was 0.259 million gallons per day, determined from information 


maintained in the Missouri Department of Natural Resources (Major Water Users Data Base). 
The total use in 2000 was 84,203,318 gallons. 


384 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 


VANDALIA RESERVOIR 














150 225 300 FEET 


60 90 120 METERS 





Elevation Area Volume 
(feet) (acres) | (acre-ft) 


660] 24.31 189 
666] 28.7 308 





Table 40.1 Lake elevations and respective 
surface areas and volumes. Approximate 
elevation of spillway structure is 666.3 feet. 
Elevations referenced to North American 
Vertical Datum 1988 (NAVD 88). 

Note: Volumes calculated from surface 
testing 1.67 feet vertical accuracy at 95 
percent confidence level. 


LOCATION MAP 














EXPLANATION 





—660— BATHYMETRIC CONTOUR—Shows altitude of the reservoir 
bottom. Contour interval 2 feet. Contours tested 1.73 feet 
vertical accuracy at 95 percent confidence level. 


—666— WATER SURFACE—Shows approximate elevation of water 
surface (actual was 666.3 feet), February 23-24, 2005 (table 38). 


Bg U. S. GEOLOGICAL SURVEY REFERENCE MARKER— 
Southeast corner of 10 inch channel 28 feet northwest of intake 
house. Elevation 674.4 feet. 












Figure 40.1 
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as USGS Figure 40.1 Bathymetric map and table of areas/volumes of the Vandalia Reservoir near Vandalia, Missouri. _!n cooperation with 
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Vandalia Lake 
Water Supply Study - Vandalia, Missouri 
RESOP Model Results 
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Introduction to Stream and River Studies 


Introduction 


Four cities in Missouri that rely on stream flow for their water supply are Joplin, Perryville, Poplar 
Bluff and Trenton. Joplin depends on Shoal Creek, Perryville uses Saline Creek, Poplar Bluff 
uses Black River, and Trenton uses Thompson River. Stream flow must be adequate to meet 
withdrawal by the city. Flow must provide enough for downstream flow to meet in-stream-flow 
requirements. Monthly low flow duration analysis was made to determine the probability of stream 
flow depletion. 


Stream Flow Analysis: 


Many communities in Missouri utilize creeks and rivers to meet their municipal needs. Some 
streams do not have enough flow to meet immediate needs and off channel storage is required. 
Other streams, primarily in the Ozark Region where springs provide sufficient flow, have 
continuous discharges to meet consumptive use requirements. 


Basic data for making stream flow frequency analysis was obtained from USGS published water 
supply papers. Mean daily discharges were used to analyze stream flow volumes and 
frequencies. Gauges having long term records were used to evaluate extended periods of 
drought. Gauge data is published as mean daily discharge, in cubic feet per second. Analysis 
was made on a monthly basis. A comparison of a shorter drought of seven days is also 
presented. To meet in-stream flow requirements, the 7-day duration, 10-year frequency mean 
discharge was determined. Only when flows exceeded the in-stream flow requirements were 
withdrawals allowed for domestic uses. All frequency analysis was made using the “Log-Pearson 
Type III Probability Method”. This procedure is described on the Water Resource Council Bulletin 
17B. 


To establish base flow in the streams, USGS computer program “HYSEP” was used. The 
program separates the base flow hydrograph from the total discharge hydrograph. 


The monthly frequency analysis was also compared to historical stream flows of the 1950s 
drought of record. This identified the months of critical stream flow that could be expected to 
occur during an extreme drought. All analysis results are presented in a series of charts displayed 
for each month of the year. 
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Glossary 
Definition of terms 


cfs — Discharge in cubic feet per second. 

MG -- million gallon 

mgd — million gallon per day 

gpm — gallon per minute 

USGS — United States Geological Survey 

Acre feet — Volume of water covering one acre, one foot deep. 

USGS Bulletin 17B - The USGS Guideline for Determining Flood Flow Frequency. It describes 
the data and procedures for computing flood flow frequency curves where systematic stream 
gauging records are of sufficient length to warrant statistical analysis. 


Log-Pearson Type Ill Probability Method. The annual values are fit to a Log-Pearson Type III 
probability distribution. If minimum values are used, the result is non-exceedance probabilities. If 


the maximum values are used the result is exceedance probabilities. 

The observations are fit to the Log-Pearson Type III distribution using the following equation: 
log Q=X+KS 

Where Q is the expected discharge, X is the mean logarithm of the observed values, S is the 

standard deviation of logarithms of the observed values and K is a factor that is a function of the 


skew coefficient of the observed values and the selected non-exceedance probability. 


7Q10 — The mean 7-day duration, 10-year frequency low flow is the minimum flow needed for in- 
stream flow requirements. 


HYSEP - A USGS computer program that separates the base flow hydrograph from the 
total hydrograph. 


Runoff in Watershed (inches) — The volume of runoff from the entire drainage area of the 
basin, in inches. 


WHPA Report — Report on problems of the Ozark aquifer and associated problems with supply 


and demand. Titled “Source of Supply Investigation for Southwestern Missouri.” 
Prepared by Wittman and Associates. 
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JOPLIN, MISSOURI 
Water supply Study 
Shoal Creek 
Overview 


This analysis was made to assess the availability of Joplin’s water supply. Joplin obtains 
their water supplies from a combination of Shoal Creek and wells. Shoal Creek is the major 
contributor. There are 8 to 14 million gallons per day (mgd) pumped from Shoal Creek, 
which is fed by numerous springs throughout its drainage area. Joplin has no facility for 
storing raw water off channel. Wells contribute 1.2 to 1.9 mgd. The first part of this report 
examines availability of stream flow and withdrawals from Shoal Creek. The second part of 
the report addresses contributions by wells. The WHPA report assesses the problems 
associated with excessive use of ground water in the region. 


Shoal Creek Stream gauge above Joplin is located 1400 feet downstream of state highway 
86. The drainage area above the stream gauge is 427 square miles. Missouri-American 
Water Company provides the water supply. The pump intake is located % mile downstream 
of highway I-44, which is about 4.5 miles downstream of the gauge (NE ™%, sec 28, T27N, 
and R33W). Figure 45.1 shows that the long-term trend (1995 through 2002) daily water 
usage has increased from a total of approximately 10.6 mgd in 1995 to 12.2 mgd in 2002, 
resulting in an average daily increase in use of 15 percent. 


Stream flow data was obtained from USGS water supply papers. Mean daily discharges 
were used to analyze stream flow volumes and frequencies. Continuous records have been 
maintained from 1941 through 2002. Neosho also uses water from Shoal Creek. Their 
intake is about 25 miles upstream of the stream gauge above Joplin. Neosho takes an 
average of 1.6 mgd from Shoal Creek. For this report, all statistical determinations were 
made using the Log Pearson type III method as described in Water Resource Council 
bulletin 17B. 


Drought Assessment: 


Joplin has no facility for storing raw water off channel. 


Annual precipitation amounts for most of Missouri have been increasing. This is shown in 
the state water plan. The study was recently made for the state by Steve Hue (Former 
state climatologist at University of Missouri) to update climate data. Annual rainfall has 
increased several inches in the last 50 years. Figure 45.2 illustrates the annual 
precipitation and trend for Joplin. This station shows the trend in annual precipitation 
increasing from 35 inches to 50 inches, an increase of 42 percent for the years 1950 
through 2000. Figures 45.3.a and 45.3.b show the effect of increased annual rainfall on 
runoff. The trend indicates an increase in total annual runoff from 12.5 inches to 19 inches 
or approximately 52 percent from 1950 to year 2000. These two figures are displayed in 
terms of watershed inches and also cubic feet per second. 


Base flow separation was made using the USGS computer program, HYSEP. HYSEP 
separates the base flow hydrograph from the total hydrograph. This analysis was made 
to estimate sustained flow, in order to establish availability of continuous stream flow. 
Figure 45.4.a is the base flow index and is the ratio of base flow to total stream flow. 
This chart shows the yearly fluctuation in base flow indexes and indicates the trend. 
The trend has increased from 68 percent of total runoff in 1942 to 76 percent in 2000, 
about an 8 percent increase. Figure 45.4.b displays volume of base flow in terms of 
watershed inches of runoff. Figure 45.4.c shows the base flow in terms of mean cfs. 
The trend shows the mean base flow to be about 300 cfs in 1942 with a low of 250 cfs 
in 1964 and increasing to a 450 cfs in year 2000. 
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Mean seven-day annual low flows for 1928 through 1999 were calculated and are 
shown in figure 45.5. The lowest 7-day discharge occurred in 1954 with a mean value 
of 15.9 cfs for the year. 


The drought of record was in the 1950’s. Non-exceedance probabilities for the 1%, 2% 
and 4% chance flows in figure 45.6 are compared to actual stream flow records in 
figures 45.7.a through 45.7.d for the period 1953 through 1956. Figure 45.7.a compares 
1953 mean monthly flow to monthly probability, Figure 45.7.b to 1954, and Figure 45.7c 
to 1955 and Figure 45.7.d to 1956. Monthly probabilities are based on years 1950 
through 2000. 


To assure that water quality standards are met most of the time, the mixing zone flow is 
based on the seven-day average low flow that has a recurrence interval of once in 10 
years (7Q10). To determine the rate of flow needed to meet in-stream flow needs, the 
7Q10 flow was determined using the period of record, 1950 through 2000. Figure 45.8 
shows the results of the frequency analysis to be 43 cfs. For purposes of diverting 
water from the creek, discharge needed to exceed 43 cfs. 


Additional comparisons for the 1950’s drought were made at the Joplin intake point 
using the mean 7-day low flow for examination of a shorter duration. These 
comparisons are shown in figures 45.9.a, 45.9.b, 45.9.c and 45.9.d. These figures 
indicate short-term 7-day duration mean low flows during the drought of record, by 
months, for years 1953, 1954, 1955 and 1956. For 1953, September and October, 
flows nearly equaled 43 and 41. In 1954, the driest year on record, June through 
September mean flows were 40, 27, 18 and 16 cfs. In 1955 and 1956 all mean flows 
would allow diversion from Shoal Creek. In October 1956 mean flow was 39 cfs, which 
is dangerously low for diversion. 


In addition comparisons for the 1950’s drought were made at the Joplin intake point 
using the mean 7-day low flow. Figure 45.10.a shows low flow not expected to be less 
than, or non-excedence probability for the 1% chance of low flow compared to the flow 
needed to meet demand. This indicates that eight months out of the year stream flow is 
adequate for diversion and allowing the 7Q10 frequency discharge to provide for water 
quality standards to be met. Figures 45.10.b.is the two- percent chance of occurrence 
and indicates only 2 months, November and December, are close to the minimum but 
probably would allow pumping. Figure 45.10.c shows that the 4% chance of occurring 
is able to provide enough flow so that there is only a very small deficit in November. 
Figures 45.10.d and 45.10.e display the deficits in bar charts, one showing the deficit in 
acre-feet and the other in terms of cfs. 


The following shows the average daily and yearly water withdrawal from Shoal Creek, 
at Joplin, for the period 1995 through 2002. Usage has been fairly constant. Daily data 
for this time period was submitted by the Missouri-American Water Company and can 
be observed in file “Shoal Creek pumpage.xls’”. 


Year Daily Withdrawal Yearly Withdrawal 

1995 10.467 mgd 3,453.290 million gallon 
1996 10.916 mgd 3,995.330 million gallon 
1997 10.650 mgd 3,878.840 million gallon 
1998 12.068 mgd 4,406.896 million gallon 
1999 11.207 mgd 4,090.036 million gallon 
2000 10.990 mgd 4,024.792 million gallon 
2001 10.608 mgd 3,876.281 million gallon 
2002 10.825 mgd 3,957.166 million gallon 
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Neosho water use from Shoal Creek. 


Year Daily Withdrawal Yearly Withdrawal 
1997 1.220 MGD 445.335 million gallon 
1998 1.233 MGD 499.965 million gallon 
1999 1.617 MGD 590.220 million gallon 
2000 1.916 MGD 699.344 million gallon 
2001 1.943 MGD 709.376 million gallon 
Wells 


Deep wells in this region are in the Ozark aquifer. Because of the increasing demand in 
the area, it is becoming harder for this aquifer to meet the needs. A ground water study 
has been made for the region by WHPA, titled Community Data Report, Source of 
Supply Investigation for Southwestern Missouri. |t is available on the Internet. The web 
site is www.wittmanhydro.com. This report describes wells in the region and associated 
problems. 


Following is information on wells and withdrawal rates that are reported for each city. 
These are: 


e Carl Junction, Mo. has seven wells with six currently in use, and plan to drill two 
more. 
e In 2000 they pumped 201.5 million gallon, an increase of 37 percent since 1987. 


e Carterville, Mo. has one well and yielded 74 million-gallon in 2001, an increase of 
16 percent since 1994. 


e Carthage, Mo. has 17 wells of which 16 are currently being used. In year 2000, 
there were 1,126 million gallons pumped, an increase of 39 percent since 
1987. 


e Duenweg, Mo. has two wells in use pumping 41 million gallons per year. The 
demand has increased 18 percent since 1987. 


e Jasper Rural Water District Number One has one well and pumped 60 million- 
gallon per year in 2001. Two additional wells are planned. 


e Neosho, Mo. has five wells that pump 429 million gallons per year in year 2000, 
an increase of 28 percent since 1997, when they began pumping from wells. 


e Oronogo, Mo. has two wells that pump a combined amount or 45 million-gallon, 
an increase of 81 percent from 1990 to 2000. 


e Pittsburg Ks. has four wells and pump about 1,000 million gallons annually, with 
very little change in demand. 


e Webb City Mo. has 13 wells with only seven in use. They are pumping 400 
million gallons per year. 


Not found in the summary report is the Joplin well usage. Joplin has six wells to 
supplement their water supply from Shoal Creek. The combined annual pumping rates 
for 1996 through 2002 are listed below. Monthly values are available and may be 
observed in file “well_pumpage.xls”. 
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Year 
1996 
1997 
1998 
1999 
2000 
2001 
2002 


Missouri Water Supply Study 


Yearly Withdrawal 
143.366 million gallons 


176.914 million gallons 
140.504 million gallons 
201.697 million gallons 
342.766 million gallons 
244.248 million gallons 
431.388 million gallons 


Conclusion: 


June 2011 


Because of the many springs in the drainage area of Shoal Creek, the mean monthly 


minimum flows were never depleted. The minimum low flow for the period of record 


was 16 cfs in August and September of 1954. This low flow stayed below 20 cfs for 14 
days in succession. For the period 1979 through 2000, the minimum mean daily low 
flow was 30 cfs in 1981 and was below 55 cfs for two days. These two times are the 


only times flow was below the 7Q10 low flow for the period of record. 


Joplin’s water demand has increased during the period 1995 through 2002 at a rate of 
0.20 mgd or 1.9 percent per year. 


The 7Q10 discharge of 43 cfs exceeded the 1% chance or 1 year in 100 years, low 


flows for seven months, mean monthly Shoal Creek discharges were between 2 and 5 

cfs less. These months are January, February, March, August, October, November and 
December. For the 2% chance or 1 year in 50 years, all monthly mean flows exceeded 
the 7Q10 flows. 


During the 1950’s there were no months that flow in Shoal Creek would not allow 


pumping for at least some of the month. However there would be shorter periods of 


time flows would be too low for pumping. This is indicated by the 7-day low mean 


discharge values for 1953, 1954, 1955 and 1956. Each year had mean 7-day duration 
flows below pumping range. 
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Joplin, Missouri 





Water Supply Study 
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Figure 45.1 
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Joplin, Missouri 


Water Supply Study 
Annual Rainfall 
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Figure 45.2 
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Water Supply Study 
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Joplin, Missouri 
Water Supply Study 
Shoal Creek Above Joplin 
Mean Stream Flow 
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Joplin, Missouri 
Water Supply Study 
Shoal Creek Above Joplin 
Base Flow Index 
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Joplin, Missouri 
Water Supply Study 
Shoal Creek Above Joplin 
Total Base Flow 
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Joplin, Missouri 
Water Supply Study 
Shoal Creek Above Joplin 
Mean Annual Base Flow 
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SHOAL CREEK 
Water Supply Study 
Shoal Creek Above Joplin 
Mean 7-Day Low Flow 





Figure 45.5 
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Water Supply Study 
Shoal Creek Above Joplin 
Mean Non-exceedant Low Flows 
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Figure 45.6 
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Joplin, Missouri 
Water Supply Study 
Shoal Creek Above Joplin 
Compare Mean Monthly Non-exceedant Low Flows to 1953 
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Figure 45.7.a 
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Joplin, Missouri 


Water Supply Study 
Shoal Creek Above Joplin 
Compare Mean Monthly Non-exceedant Flows to 1954 
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Figure 45.7.b 
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Water Supply Study 
Shoal Creek Above Joplin 
Compare Mean Monthly Non-exceedant Flows to 1955 
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Joplin, Missouri 
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Figure 45.7.d 
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Joplin, Missouri 
Water Supply Study 
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Figure 45.8 
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Joplin, Missouri 


Water Supply Study 
Shoal Creek Above Joplin 
Mean 7-day Duration Low Flow for 1953 
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Figure 45.9.a 
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Joplin, Missouri 
Water Supply Study 
Shoal Creek Above Joplin 
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Figure 45.9.b 


410 


Missouri Department of Natural Resources 


Water Resources Center 


June 2011 


Missouri Water Supply Study 


issouri 


Joplin, M 


Water supply Study 
Shoal Creek Above Joplin 


Mean 7 


-day Duration Low Flow for 1955 


250 


(syo) aBseyosig 





50 












































Sin 
a|e 
alc 
>| 
ein 
Sin 
O|- 
Slo 
o|2 
(22) 
31a 
qiec 
=|o 
S 
51a 
clo 
3 |=a 
SiN 
> 
ei 
Sir 
ei 
2) 6 
IN 
SiN 
Sj zt 
=i|n 
Qin 
o®|o 
Liew 
c|o 
oe | + 
bar od 
ite) 
wo 
o 
= 
B 








Months 


Figure 45.9.c 


411 


Missouri Department of Natural Resources 


Water Resources Center 


June 2011 


Missouri Water Supply Study 


Joplin, Missouri 
Water Supply Study 
Shoal Creek Above Joplin 
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Joplin, Missouri 
Water Supply Study 
Shoal Creek Above Joplin 
1% chance Non-exceedant Flow or 1 Year in 100 years 
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Joplin, Missouri 
Water Supply Study 
Shoal CreekAbove Joplin 
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Perryville, Missouri 
Water Supply Study 
Saline Creek 


Overview 


This analysis was made to assess the availability of Perryville’s water supply. Perryville 
obtains their water supply from two sources, Saline Creek and three wells. In year 2000, 
water use totaled 414,459,000 gallons from both sources, 289,448,000 gallons from 
Saline Creek and 125,011,000 gallons from the wells. This report addresses the stream 
flow in Saline creek. 


Perryville has no off channel storage to draw upon during periods of low flow, they must rely on 
their three wells. The drainage area at the creek intake for Perryville is 55.83 square miles. In 
the year 2000 Perryville used 1.14 million gallons per minute (gpm), 0.79 gpm from Saline 
Creek and 0.34 from wells. Saline Creek intake is located at the southwest side of Perryville. It 
would be necessary to continuously divert 550 gpm to obtain 0.8 mgd from Saline Creek. Figure 
50.1 shows that the long-term trend (1992 through 2001) daily total water use averaged 
approximately 1.4 mgd in 1992, then in 1994 water use fell to 1.1 mgd and has remained 
steady since 1994. Water use from Saline Creek is approximately 0.8 mgd, and is 0.3 mgd from 
the wells. 


Stream flow data was obtained from USGS water supply papers. Mean daily discharges were 
used to analyze stream flow volumes and frequencies. Continuous records have been kept 
from 1941 through 2002. For this report, all statistical determinations were made using the Log 
Pearson type III method as described in Water Resource Council bulletin 17B. 


Drought Assessment: 


Annual precipitation amounts for most of Missouri have been increasing during the last 
50 years. This is shown in the state water plan. The study was recently made for the 
state by Steve Hu (former state climatologist at University of Missouri) to update climate 
data. Figure 50.2 illustrates the precipitation trend at Perryville. Annual rainfall at 
Perryville varies from a low of 25.3 inches in 1953 to a high of 37.4 inches in 1984. 
Annual rainfall at Perryville does not show the trend to be increasing significantly as in 
much of Missouri. Figure 50.3.a shows the effect of annual rainfall on runoff for the period 
1950 to 2000. Annual runoff fluctuates from a low of near 1 watershed inch in 1998 to as 
much as 33.5 inches in 1984. Figure 50.3.b shows the runoff in terms of mean annual 
cubic feet per second (cfs). 


Base flow separation was made using the USGS computer program HYSEP. HYSEP 
separates the base flow hydrograph from the total hydrograph. This analysis was made to 
estimate sustained flow, in order to establish availability of continuous stream flow. Figure 
50.4.a is the base flow index and is the ratio of base flow to total stream flow. This chart 
shows the yearly fluctuation in base flow indexes and indicates the trend. The trend has 
increased slightly from approximately 47 percent of total runoff in 1950 to 52 percent in 
2000. About 10 percent increase. Figure 50.4.b displays volume of base flow in terms of 
watershed inches of runoff. Figure 50.4.c shows the base flow in terms of mean cfs. The 
trend shows the mean base flow to be about 33 cfs or 21 million gallons per day for year 
2000. 


Mean seven-day duration annual low flows for 1950 through 2000 were calculated and 


are shown in figure 50.5. The lowest annual mean 7-day discharge occurred in 1955 
with a mean value of 0.55 cfs for the year. 
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Monthly non-exceedance probabilities for 1%, 2% and 4% chance of occurring were 
established from stream flow data for the years 1950 through 2000. Figure 50.6 displays 
the 1%, 2% and 4% Chance mean monthly low flow. The 4% chance indicates discharges 
to be sufficiently high to allow withdrawal throughout the year. 


Stream gauge records show the drought of record to be in the 1950’s. The following 
figures 50.7.a, 50.7.b, 50.7.c, 50.7.d, 50.7.e, and 50.7.f compare the 1%, 2% and 4% 
chance mean monthly non-exceedance flows (low flow) to measured flows for 1952 
through 1957. September mean flows tended to be the lowest in all years. In 1953, 1955, 
and 1956 the monthly mean flows were approximately 1 cfs. 


To assure that water quality standards are met most of the time, the mixing zone flow is 
based on the seven-day average low flow that has a recurrence interval of once in 10 years 
(7Q10). To determine the rate of flow needed to meet in-stream flow needs, the 7Q10 low 
flow was determined using the period of record, 1950 through 2000. Figure 50.8 shows the 
results of the frequency analysis to be 1 cfs. For purposes of diverting water from the creek, 
discharge needed to exceed 1 cfs plus the diversion rate. 


Additional comparisons for the 1950’s drought were made using the mean 7-day low flow for 
examining a shorter duration. These comparisons are shown in figures 50.9.a through 50.9.f. 
These figures show that the critical months for each year are August, September and October. 
In the 6 years period of 1952 through 1957 there were 5 months that had mean seven-day 
flows below 7Q10 discharge of 1 cfs. Critical months having mean monthly flows below 2 cfs 
are: 


1952 - All months exceeded 2 cfs. 

1953 - August, September and October had less than 1 cfs. 

1954 - September had 0.29 cfs with August and July having less than 2 cfs. 
1955 - September had 0.55cfs, with August and October having less than 2 cfs. 
1956 — August, September and October had less than 1 cfs. 

1957 - October mean flow was 2.1 cfs. 


Deficits shown in the following displays are the volume shortages necessary to meet the 
7Q10 in-stream flow needs. Figure 50.10.a shows non-exceedance probability flows of 
the 1% chance of occurrence and indicates the stream flow would not supply enough 
water for diverting to domestic uses while 2 months fell below 7Q10 flow rate. Figure 
50.10.b is the 2 percent chance low flows and 4 months with sufficient flow for daily 
diversions. Figure 50.10.c shows the 4% chance of occurrence is able to provide enough 
flow for nine months of the year with August, September and October being unable to 
provide reliable supply. 


Stream flow data was obtained from USGS water supply papers. Mean daily discharges were 
used to analyze stream flow volumes and frequencies. Because Saline Creek does not have a 
stream gauge, two stream gauges on St. Francis River were examined and results found to be 
nearly equal when adjusted to a per square mile basis (Figure 50.11.a). These gauges are the 
long-term gauge on St. Francis River at Patterson, drainage area is 956 square miles and Little 
St. Francis River at Fredericktown with a drainage area is 90.5 square miles. The upper 
reaches of Little St. Francis River border the drainage basin of Saline Creek. A comparison of 
St. Francis River to Black River, drainage area 956 square miles was also made (figure 
50.11.b). Adjustments to runoff for Saline Creek were made based on drainage area. 
Continuous records at the gauge for St. Francis River at Patterson have been recorded for the 
period 1928 through 2002. 
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Conclusion: 


In year 2000 the city used a total of 414,459,000 gallons of which 289,448,000 gallons 
came from Saline Creek, resulting in a mean annual withdraw of 1.14 MGD. 


The probability of adequate stream flow in Saline Creek during the months of August, 
September and October is very low. To meet the mean daily demand from the creek of 
1.22 cfs plus the in-stream flow requirement of 1 cfs, at least 2.22 cfs would need to be 
flowing in the stream before pumping. Every month of the year has the possibility of 
having the 1% chance low flow below that which would allow pumping from the stream. 
For the 2% chance of occurrence, only the spring months of February, March, April and 
May could be expected to have mean flows of sufficient quantity to allow pumping. During 
the months of August, September and October, Saline Creek could not be depended 
upon to allow pumping, even at the 4% chance low flow range. 


Perryville’s water demand has remained nearly constant for the period 1994 through 
2001. 
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POPLAR BLUFF, MISSOURI 
Water Supply Study 
Black River 


Overview: 


This analysis was made to assess the availability of Poplar Bluff’s water supply. Poplar Bluff 
gets their water supply from the Black River. In 2001 there was an average of 3.075 million 
gallons per day (4.76 cfs) diverted from Black River, which is fed by numerous springs 
throughout its drainage area and a continuous release from Clearwater Reservoir. 


Poplar Bluff obtains their municipal water from the Black River. There is no off channel 
storage to draw upon during periods of low flow. The trend is increasing at the rate of 75,000 
gallon per day. Figure 60.1 illustrates the daily water use by Poplar Bluff, in million gallons 
per year. During the period of 1985 through 2001 Poplar Bluffs water use has increased from 
1.937 million gallons per day in 1985 to 3.075 million gallons per day in 2001. In addition, 
Piedmont uses water from the Black River and uses an average of 164.25 million gallons or 
0.45 million gallons per day. Their intake is about one mile below Clearwater Dam. The 
drainage area at the intake for Poplar Bluff is 1245 square miles. There are two stream 
gauges on Black River, one at Poplar Bluff with a drainage area of 1245 square miles and the 
other at Annapolis, drainage area is 484 square miles. Upstream of Poplar Bluff is Clearwater 
Lake at drainage area 898 square miles. Completion of the lake was in 1948. A minimum 
continuous release rate from the lake of 150 cfs, the estimated base flow, is maintained at the 
dam. Below the dam, Piedmont and Poplar Bluff use stream flow for their municipal water 
supplies. Clearwater Dam was designed for flood control and has no storage for municipal 
supplies. In the year 2001 Poplar Bluff used 1,123 million gallons of water, or 3.075 million 
gallons per day. 


Clearwater Reservoir is owned and operated by the Corps of Engineers and is managed for 
flood control. The most severe drought that has been recorded in the Black River Basin was 
for the period 1952 through 1956. Clearwater Lake was able to maintain normal Minimum 
releases during all drought periods. 


Stream Flow data was obtained from USGS water supply papers. Mean daily discharges for 
the Black River at Poplar Bluff were used to analyze stream flow volumes and frequencies. 
Continuous records have been kept from 1941 through 2002. Their intake is located within 
the corporate limits. Statistical determinations were made using the Log Pearson type III 
method as described in Water Resource Council bulletin 17B. 


Drought Assessment 


Annual precipitation amounts for most of Missouri have been increasing during the last 50 years. 
This is shown in the state water plan. The study was recently made for the state by Steve Hu 
(former state climatologist at University of Missouri) to update climate data. Figure 60.2 illustrates 
the precipitation at Poplar Bluff for the period 1920 through 2001. This indicates the precipitation 
trend to be nearly uniform for the period of record. 


Figure 60.3.a shows the annual runoff in watershed inches for the Black River at Poplar Bluff. 
The trend indicates an increase in total annual runoff from 13 inches to 17 inches or 
approximately 31 percent from 1941 to year 2000. Figure 60.3.6 shows the runoff in terms of 
mean annual cubic feet per second. 


Base flow separation was made using the USGS computer program, HYSEP. HYSEP 
separates the base flow from the total hydrograph. This analysis was made to estimate 
sustained flow, to establish availability of continuous stream flow. To establish minimum 
discharges at Poplar Bluff it was necessary to adjust for the intervening area below 
Clearwater Dam. Figure 60.4.a is the base flow index which is the ratio of base flow to total 
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68 percent of the total flow for the period 1951 through 2000. Figure 60.4.b displays the base 
flow in terms of cfs. Each year fluctuates between a mean annual low of 530 cfs in 1954 toa 
high of 1600 cfs in 1985. Figure 60.4.c is the total stream flow before separating the base 
flow. Corresponding discharges are 770 cfs and 3100 cfs. 


Mean annual 7-day non-exceedance (low flows) for 1941 through 2000 were calculated and 
are shown in figure 60.5. The lowest mean 7-day discharge occurred in 1944 with a value of 
243 cfs for the year. All other months provided discharges sufficient for diverting water for 
municipal uses. 


Monthly non-exceedance probabilities (low flows) for 1% chance of occurrence (1 time in 100 
years), 2% chance (1 time in 50 years) and 4% chance (1 time in 25 years) were established 
from stream flow data for the years 1950 through 2000. Figure 60.6 displays these results. 
For this report, all statistical determinations were made using the Log Pearson Type III 
method as described in Water Resource Council bulletin 17B. 


Stream gauge records on Black River at Poplar Bluff show the drought of record to be in the 
1950’s. The following figures 60.7.a, 60.7.b, 60.7.c, and 60.7.d compare the 1%, 2% and 4% 
chance mean monthly non-excedence flows (low flow) to measured flows for 1953, 1954, 
1955 and 1956. All frequencies exceeded the adjusted 7Q10 frequency discharges at Poplar 
Bluff. In 1953, October had the lowest mean discharge of 268 cfs, which exceeded the 7Q10 
discharge by 52 cfs. Low flows for 1954, 1955 and 1956 exceeded 7Q10 frequency by 84, 60 
and 43 cfs respectively. 


To assure that water quality standards are met most of the time, the mixing zone flow is 
based on the seven-day average low flow that has a recurrence interval of once in 10 years 
(7Q10). To determine the rate of flow needed to meet in-stream flow requirements, the 7Q10 
was determined using the period of record, 1950 through 2000. Figure 60.8 shows the results 
of the frequency analysis to be 216 cfs. For purposes of diverting water from Black River, 
discharge should exceed 216 cfs. Clearwater Reservoir is located upstream of Poplar Bluff 
on Black River, as a result is was necessary to calculate the 7Q10 value for the area 
downstream of the Dam and add the minimum release rate of 150 cfs. 


Additional comparisons for the 1950’s drought were made using the mean 7-day low flow for 
examining a shorter duration. These comparisons are shown in figures 60.9.a, 60.9.b, 60.9.c 
and 60.9.d. These figures show the critical months for each year. In the 4-year period of 1953 
through 1956 there were no months that had mean seven-day flows below 7Q10 discharge of 
243 cfs. 


Because all mean monthly flows exceed the 7Q10 discharge for in-stream flow needs plus 
withdrawal rates by the city, it is not necessary to show monthly shortages of water for Poplar 
Bluff. Any deficits that may occur would have a very short duration. 


Clearwater Lake is a Corps of Engineers project and was constructed in 1948 to provide flood 
control for the downstream drainage districts. Water supply was not included in the design of 
this lake. During planning, it was determined that base flow at the dam site was 150 cfs. The 
operating plan for the lake requires a minimum of 150-cfs continuous release. The water 
control plan requires alerting the residents of Poplar Bluff if the stage drops below 0.3 feet. To 
date this has never happened and is not likely to occur. During the 1950’s, the drought of 
record occurred from 1952 through 1956, release of 150 cfs from Clearwater Lake was 
maintained through the drought. There are several springs between the lake and Poplar Bluff 
that have continuous flow. Figure 60.11 shows the storage in Clearwater Reservoir from its 
closure to year 2000. 
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Special analysis considerations 
Adjustment for Base Flow 


Clearwater Reservoir controls all storm runoff from its drainage area of 898 square miles and 
releases the runoff at a minimum rate of 150 cubic feet per second. When droughts occur, 
low flows will be affected by releases from Clearwater to a greater extent than high flows. 
Therefore it is necessary to make adjustments to account for controlled and uncontrolled 
drainage area contribution to base flow. The total drainage area at Poplar Bluff is 1245 
square miles. The uncontrolled area is 347 square miles. By determining the base flow for the 
uncontrolled area and adding the minimum release of 150 cubic feet per second from the 
reservoir we were able to determine the expected base flow for dry periods. Base flow 
separation was made using the USGS computer program, HYSEP. HYSEP separates the 
base flow hydrograph from the total hydrograph. This analysis was made to estimate 
sustained flow while meeting water supply needs during a drought. 


To make the base flow analysis it was necessary to adjust the flow at Poplar Bluff for the 
uncontrolled area and add release from Clearwater Reservoir. A correlation between base 
flow and also total flow at Annapolis and Poplar Bluff gauges for the period of 1940 through 
1948 was evaluated because they were both uncontrolled at that time. The gates on 
Clearwater Reservoir were closed in 1948. Figure 60.12.a is the base flow correlation and 
figure 60.12.b is the total flow correlation. Following are the steps to determine minimum 
base flow index. 


Step 1. Determine base flow and total stream flow for the Annapolis and Poplar Bluff 
Gauges for years 1940 through 1948 using “HYSEP”. 


Step 2. Plot the annual total flow and annual base flow discharges to determine the 
relationship of the two gauges. The resulting equations are: 
Base Flow at Poplar Bluff = 2.4858 x flow at Annapolis — 5.8173 (Figure 60.12.a). 
Total Flow at Poplar Bluff = 2.066 x flow at Annapolis + 55.909 (Figure 60.12.b). 


Step 3. Use the above equations to determine the mean annual base flow and total flow at 
Poplar Bluff for the intervening drainage area between the lake and Poplar Bluff for 
the period 1950 through 2000. 


Step 4. Add the minimum release of 150 cfs from Clearwater Reservoir to each yearly mean 
discharge value from step 3. 


Step 5. Plot adjusted mean annual base flow in cfs vs. year. (Figure 60.4.b). 
Step 6. Plot adjusted mean total annual flow in cfs vs. year. (Figure 60.4.c). 


Step 7. Plot ratio of base flow to total flow for the base flow index. (Figure 60.4.a) 


Adjustment for Water Quality Standard 


To determine the rate of flow needed to maintain in-stream flow, the 7Q10 low flow was 
determined using the period of record, 1950 through 2000. The 7Q10 discharge is used to 
establish standards for water quality issues. Figure 60.8 shows the plot of the values for a 
frequency analysis. The 7Q10 analysis was determined to be 66 cfs for the intervening area 
below the Clearwater dam. 150 cfs was added for the minimum continuous release from 
Clearwater Lake and the minimum value for 7Q10 flow is 216 cfs. 
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Step 1 


Step 2 


Step 3 


Step 4 


Step 5 


Step 6 


Step 7 


Step 8 


Step 9 


Step 10 


Determine frequency of 7-day duration mean flow for Annapolis and Poplar 

Bluff Gauges for years 1940 through 1948, which is the period when data was 
available for both gauges and before Clearwater Reservoir was constructed. 
Determine frequency for discharges at Annapolis and Poplar Bluff gauges for that 
time period. 


Convert the 7-day duration discharges in step 1 to a per square mile of 
drainage area for each gauge. 


Plot data in step 2, Poplar Bluff data vs. Annapolis data for 1940 through 
1948, as shown in figure 60.12.c. 


Determine equation for relationship between the two gauges from step 3. The 
following equation for the 7Q10 low flow discharge was determined to be: 


7-day duration low flow frequency = 
1.6982 X (Discharge at Annapolis gauge per square mile)*2 + 
0.5885* (Discharge at Annapolis gauge per square mile) + 0.597. 


Run duration frequency analysis, using Durfrek computer program, 
Black River at Annapolis stream gauge data for years 1950 through 2000 for 7-day 
duration. 


Convert results in step 5 to a per square mile basis by dividing by drainage 
area at the Annapolis gauge. 


Multiply results in step 6 by the 346 square miles drainage area below 
Clearwater Reservoir. 


Add 150 cfs to each frequency value in step 7 to account for minimum 
release from Clearwater Reservoir. 


Plot results of 7Q10 discharge in step 7 for the intervening area. Also plot step 8 
results for the total 7-day 10-year frequency total discharge with constant release 
from Clearwater Reservoir. 


Minimum 7-day 10-year frequency discharge was determined to be 66 cfs 


from the intervening area plus 150 cfs constant release from Clearwater 
Reservoir established flow requirement for in-stream needs of 216 cfs. 
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Overview 


This analysis was made to assess the availability of Trenton’s water supply. Trenton gets 
their water supply from Thompson River. Thompson River stream gauge at Trenton, 
drainage area 1670 square miles is located approximately one mile downstream of the 
pump intake. Analysis indicates insufficient instream supply to meet demand during an 
extended multi-year drought such as the 1950’s 


Two pumps, pump from Thompson River to two water storage basins, each pump is rated 
at 3125 gallons per minute (gpm). They use one at a time and keep the other in reserve. 
3125 gpm is near treatment plant capacity of 4.5 million gallons per day (mgd). The south 
basin has a surface area if 13.5 acres with storage capacity of 75.3 acre-feet (24.5 million- 
gallon). The maximum depth is 20 feet. The north basin has a surface area of 34.9 acres 
with storage capacity of 430 acre-feet (140 million-gallon). The maximum depth is 17 feet. 
The operating procedure is to keep the basins as near full as possible. When using water 
at treatment plant capacity of 4.5 mgd the supply in the basins would be used up in 36 
days with no additional inflow. Figure 70.1 shows that the long-term trend (1983 through 
2001) daily water usage increased from approximately 1.5 mgd in 1983 to 1.75 mgd in 
2001, resulting in a daily increase in demand of 17 percent. Historical use from 1995 
through 2001 increased from 1.38 mgd to 1.90 mgd, and increase of 38 percent. 
Maximum water usage of 2.055 mgd occurred in 1993. At this demand there would be 80 
days of water stored in the basins. 


Stream flow data was obtained from USGS water supply papers. Mean daily discharges 
were used to analyze stream flow volumes and frequencies. Continuous records have 
been kept from 1928 through 2002. For this report, all statistical determinations were 
made using the Log Pearson type III method as described in Water Resource Council 
bulletin 17B. 


Drought Assessment: 


Annual precipitation amounts for most of Missouri have been increasing during the last 50 
years. This is shown in the state water plan. The study was recently made for the state by 
Steve Hu (former state climatologist at University of Missouri) to update climate data. 
Figures 70.2.a_and 70.2.b illustrate the precipitation trend for two gauges near the center 
of the Thompson River drainage basin. One gauge is at Princeton, Missouri and the other 
at Lamoni, lowa. These station trends show 50-year precipitation increases of 23 percent 
at Princeton to 32 percent at Lamoni for years 1950 through 2000. Figure 70.3.a shows 
the effect of increased annual rainfall on runoff. The trend indicates an increase in total 
annual runoff from 7.5 watershed inches to 10 inches or approximately 33 percent from 
1955 to year 2000. Figure 70.3.b is the mean annual runoff discharge in terms of cubic 
feet per second (cfs). 


Base flow separation was made using the USGS computer program, HYSEP. This 
analysis was made to estimate sustained flow, in order to establish availability of 
continuous stream flow. Figure 70.4.a is the base flow index and is the ratio of base flow 
to total stream flow. This chart shows the yearly fluctuation in base flow indexes and 
indicates the trend. The trend shows an increase from 26 percent of total annual runoff in 
1955 to 38 percent in 2000. The increase in annual base flow volume in terms of 
watershed inches is shown in figure 70.4.b. Figure 70.4.c illustrates the base flow in terms 
of mean annual cubic feet per second (cfs). 
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Mean seven-day annual low flows for 1928 through 1999 were calculated and are shown 
in figure 70.5. The lowest 7-day discharge occurred in 1956 with a mean value of 2 cfs for 
the year. 


Monthly non-exceedance probabilities for 1%, 2% and 4% chance of occurring were 
established from stream flow data for the years 1950 through 2000. Figure 70.6 displays 
the 1%, 2% and 4% Chance mean monthly low flow. The 4% chance indicates discharges 
to be sufficiently high to allow withdrawal throughout the year. 


The drought of record was in the 1950’s. Mean non-exceedance probabilities for the 1%, 
2% and 4% chance flows shown in Figure 70.6 are compared to actual stream flow 
records in figures 70.7.a through 70.7.d for the drought of record (1954 through 1957). 
These monthly runoff volumes for 1954, 1955, 1956 and 1957 were obtained from USGS 
stream flow records. These figures show that mean monthly discharge in Thompson River 
falls below the 7Q10 frequency low flow (9 cfs) for 3 months. These occur in January 1954 
when discharge = 7.1 cfs, December 1955 discharge = 6.5 cfs and January 1956 
discharge = 4.7 cfs. 


Figure 70.7.a compares 1954 mean monthly flow to monthly probability shown in figure 
70.6. 


Figure 70.7.6 compares 1955, Figure 70.7.c compares 1956, and Figure 70.7.d compares 
1957 values. 


To assure that water quality standards are met most of the time, the mixing zone flow is 
based on the seven-day average low flow that has a recurrence interval of once in 10 
years (7Q10). To determine the rate of flow needed to meet in-stream flow requirements, 
the 7Q10 determined using the period of record, 1950 through 2000. Figure 40.8 shows 
the results of the frequency analysis to be 9 cfs. For purposes of diverting water from the 
creek, discharge needs to exceed 9 cfs. 


Additional comparisons for the 1950’s drought were made using the mean 7-day low flow 
for examining a shorter duration. These comparisons are shown in figures 70.9.a, 70.9.b, 
70.9.c and 70.9.d. These figures show the critical months for each year. In the 4-year 
period of 1954 through 1957 there were 12 months that had mean seven-day flows below 
7Q10 frequency discharge of 9 cfs. They were: 


1954 - 3 months January (4 cfs), February (4 cfs), September (8 cfs). 

1955 - 3 months September (6cfs), November (8 cfs), December (5 cfs). 

1956 - 5 months January (4 cfs), February (5 cfs), April (4 cfs), May (3 cfs) and June 
(2cfs). 

1957 - 1 month October (6 cfs). 


Deficits shown in the following displays are the volume shortages necessary to meet the 
7Q10 needs and municipal demand. Figure 70.10.a shows non-exceedance probability 
flows of the 1% chance of occurrence and indicates that half of the months, March through 
August exceed the 7Q10 discharge, The remaining months were below the 7Q10 flow 
rate. Figure 70.10.b is the 2 percent chance low flows and indicates only three months are 
close to 7Q10 discharge, and they would have enough carry over storage in the reservoirs 
to provide adequate water. Figure 70.10.c shows the 4% chance of occurrence is able to 
provide enough flow so that there would be no deficit. Figures 70.10.d and 70.10.e display 
the deficits in bar charts, one showing the deficit in acre-feet and the other in terms of cfs. 
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Water usage for the seven-year period of 1995 through 2001was reported to be: 
1995.....1.38 mgd 
1996.....1.62 mgd 
1997.....1.47 mgd 
1998.....1.51 mgd 
1999.....1.64 mgd 
2000.....1.84 mgd 
2001.....1.90 mgd 


Conclusions: 


Mean monthly Thompson River discharges will be less than the 7Q10 discharge of 9 cfs 
for the 1% chance or 1 year in 100 years low flows for six months of January, February, 
and September through December. For the 2% chance or 1 year in 50 years, these same 
months were very close to the 7Q10 flow with January and December being slightly less 
and 4 months had flows approximately equal to the minimum 9 cfs. The indication here is 
to keep the reservoirs full of water. 


During the 1950’s there were no months that flow in Thompson River would not allow 
some pumping at the rated pump capacity of 3125 gallon per minute (6.96 cfs) for at least 
some of the month. However there would be longer periods of time flows would be too low 
for pumping. This is indicated by the 7-day low mean discharge values for 1954, 1955, 
1956 and 1957. Each year had mean 7-day duration flows below pump ratings. 


Trenton’s demand is increasing at a long-term rate of 0.013 mgd. The present system is 
meeting their needs. The treatment plant is able to treat 4.5 mgd and the current demand 
is less than 2 mgd. Between years 1928, when the stream gauge on Thompson River was 
installed, to year 2001 there were five 30 day periods when pumping from the river to the 
reservoirs could not occur. These were all in 1956 or earlier. They are July 1954, January 
1940, December 1955 and January 1956, as well as May 1956. With the storage in the 
reservoirs, City demand could be met during the 30-day dry periods. 
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Water Supply Projections 


Introduction 


Five of the lakes were selected for installation of staff gauges for monitoring the volume of water 
in the lakes. Lakes with staff gauges are Butler, Hamilton, Harrison County Public Water Supply 
District No. 1, Marceline and Monroe City. The volume in each lake is determined by reading the 
elevation on the staff gauge and looking at the elevation-storage plot to determine the existing 
volume of water in the lake. With the storage and rainfall history, an estimate of future demands 
on the system can be made using one of the two recent historical drought periods of 1955 
through 1957 and 1988 through 1990. Recent average daily municipal water demands were used 
to develop the charts. Year 2000 was used to develop the Marceline and Monroe City charts. 
Year 2001 was used for the other 3 cities. The year was selected based on the highest daily 
demand. By use of these charts and reading the staff gauges, an estimate of remaining water 
supply may be made for planning future water needs. 


Analysis for development for staff gauge studies 


Staff gauges were installed for monitoring the volume of water in each of the five lakes selected 
and were used to project an estimate of future water availability for developing a plan to extend 
the water supply to get through the drought cycle. 


Two drought periods are presented for comparing to a drought condition. The most recent period 
extended from 1988 through 1989. The most severe extended from 1955 through 1958. The 
RESOP program was used to estimate the effects of each drought period. Three RESOP runs 
were made on each reservoir for both dry periods. One beginning at full pool, the second 
beginning five feet below the spillway and the third run beginning ten feet below the spillway. 
Monthly accumulated rainfall for each of the dry periods are presented so that comparisons can 
be made for a current drought and the historical dry period. 
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Years 1988, 1989 and 1990 
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Water Supply 
Year 1988, 1989 and 1990 Drought 
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APPENDIX A 
TECHNICAL RELEASE 19 
DETERMINATION OF STORAGE REQUIREMENTS TO 
MEET WATER SUPPLY-DEMAND RELATIONSHIPS 
USER MANUAL 


RESERVOIR OPERATION STUDY COMPUTER PROGRAM (RESOP ) 


Introduction 





The Reservoir Operation Study Computer Program (RESOP) can assist in the 
planning, design, and evaluation of reservoirs which must meet water supply and 
demand requirements. Reservoir operation and management has become an important 
issue in many areas due to increasing competition for water supplies. 


RESOP will compute a monthly water balance for a reservoir system based upon 
inflow, outflow and reservoir storage data. The inflow minus the outflow equals 
the remaining storage in the reservoir. The inflow to the reservoir consists of 
runoff from the watershed, rainfall on the water surface of the reservoir, any 
outside pumping, and releases from an upstream reservoir. The outflow includes 
seepage, evaporation, demand and spill. The demand may consist of low flow, 
irrigation, municipal or other requirements. Figure A-1l shows the water balance 
components used in RESOP. The storage data consists of a storage-surface area 
relation and upper' and lower limits of reservoir storage. The reservoir 
surface area is continuously changing as the storage in the reservoir changes. 
The program assumes spill occurs when the inflow minus outflow is positive and 
the reservoir storage is at the spill level. An estimate of seepage for each 
site should be made. Multiple reservoirs in series may be analyzed. Up to 50 
years of reservoir operation may be computed by the program. 


The RESOP program is data intensive and the mathematics are relatively simple. 
The advantages of using the program are that the water balance for many years 
may be computed quickly and any number of alternatives may be computed and 
compared efficiently. 


Several different approaches may be used in modeling reservoir systems with 
RESOP. One approach is to use historical records. If the record is long enough, 
it may contain both wet and dry years. A range of storage limits, demands, and 
starting storages can be analyzed for this one period of record. 


Another approach is to base all or some of the monthly input data on 
probabilistic analysis. This way the reservoir operation during a series of 
wet, dry, and normal years may be studied. Conservative evaporation values can 
be entered based on probability studies published in Reference 2. An example of 
probabilistic analysis of runoff and its effects on reservoir operation begins 
on page 4 of this Technical Release (TR). 


More background information on reservoir operation studies is contained in 
pages 1 to 4 of this TR. 


The remainder of this User Manual is organized into five parts, Input 
Requirements, Program Computations, Output Description, Sample Jobs, and Data 
Input Sheets. 


(210-VI-TR-19, Appendix A, November 1987) 
514 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 
A-2 


UPPER SITE 


~ 


RUNOFF 


RAINFALL 






SEEPAGE 


LOWER SITE 


Figure A-1l.--Water balance components. 
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Input Requirements 





This program requires two types of input data. The first type is used once for 
each site. The second type is needed for each year of study and for each site. 
The program handles up to a maximum of 50 years of operation per study. All 
data fields should contain either alphanumeric characters or be blank. Numeric 
fields are not required to contain a decimal point. Input data is entered in 
standard 10 column fields (see input data forms and sample jobs). Each line of 
the record is explained by a control word. Only the first four letters of a 
control word are required and the word need not begin in the first column. When 
analyzing multiple sites, enter the data for each site in upstream to 
downstream order. 


INPUT DATA FORM 1 





CONTROL WORD 





RESERVOIR First record of a job. Enter once only. 


TITLE A title record is required for each operation study. This will be 
the information used as the heading on each output sheet. This 
would normally be the watershed name and type of operation, i.e., 
"Recreation Only", " M&I", etc. The title can contain up to 60 
characters per record. Two TITLE records per job are allowed. 


STO-AREA Reservoir storage-surface area curve data. Twelve (12) sets of 
coordinate points (acre-feet and surface area)--may be used to 
describe the curve; a minimum of 4 sets of points are recommended. 
If less than 3 points are used on the last record, the extra spaces 
can be left blank. Coordinate points must be shown in descending 
order (highest to lowest). 


LIMITS Data Field 1 





Upper Limit -- The storage in acre-feet representing the maximum 
usable or permissible storage in the reservoir, such as the top of 
a municipal riser or legal limit. The storage will not exceed this 
value. Excess water is spilled. 


Data Field 2 





Starting Storage -- The storage in acre-feet of the reservoir at 
which the study is to begin. This can be the same as the Upper 
Limit in urban areas and can be the same as the Lower Limit in 
irrigated areas. This also may depend on the starting month. 





Data Field 3 





Lower Limit -- The lowest storage level in acre-feet that the 
reservoir is to be depleted (such as the recreation pool level or 
the sediment pool level). Reservoir storage is permitted to go 
below this limit. If this happens, the deficit is printed. 
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Data Field 4 





Drainage Area -- The uncontrolled drainage area in square miles for 
the reservoir under study. 


Data Field 1 





Evaporation Coefficient (Annual) -- Depending on the type of 
evaporation data used, a different coefficient is entered. 


1. If monthly Class A pan evaporation is used, enter the pan 
coefficient (in percent). The program will convert the pan 
evaporation data to free water surface (FWS) evaporation. This 
coefficient may be obtained from Plate 3 in Weather Bureau 
Technical Paper No. 37, or the more recent NWS Technical Report 
33 (Reference 1). 


2. If free water surface (FWS) evaporation data are used, enter 
100.0 for the evaporation coefficient. FACTOR records may or may 
not be needed depending on significance of seasonal heat storage 
in the reservoir. (See FACTOR record. ) 


3. If actual lake evaporation data are used, enter 100.0 for the 
evaporation coefficient. FACTOR records should not be used. 


4. If Texas Bulletin - 6006 is used for evaporation, enter the 
annual pan coefficient as 6XX.X where XX.X is the correct 
coefficient. The computer sets up a ratio of this coefficient to 
the value of 78.0. 


Data Field 2 





First Year of Record -- The calendar year in which the record 
begins, such as 1940. Each study may have up to 50 years of record. 
This value must match the first year for which data such as RUNOFF, 
RAINFALL, etc. is entered. 





Data Field 3 





Code -- Enter a "0" when no other sites above or below this site 
are being considered (or the field may be left blank). 





Enter a "1" when spill from this site is to be saved as inflow to a 
lower site. Use this code for the first site of a multisite run. 


Enter a "2" when spill from an upper site is to be added as inflow 
to this site. Use this code for the last site of a multi-site run. 


Enter a "3" when both "1" and "2" apply. Use this code for any 
sites between the first and last sites of a multi-site run. 


Data Field 4 





Optimize Demand -- "OQ" indicates a normal run. "1" indicates that 





the lowest storage will be checked against the lower limit and the 
demand modified until the maximum demand is reached and no 
deficiency occurs. A "2" performs the same function as, a "1" 
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except all printing is suppressed until the maximum demand is 
found. 


Data Field 5 





Demand Factor -- A factor used to increase or decrease the demand 
(from DEMAND records) by a constant percentage may be entered. For 
example, if demand is to be cut in half, enter 0 .5 and if demand 
is to be doubled, enter 2.0. All demand values on the DEMAND 
records are multiplied by this factor. The Demand Factor should not 
be used with Optimize Demand on the same reservoir. If they are, 
then the demand factor is not used. 











For multi-site operation studies, one site is analyzed at a time 
and optimize demand and demand factor may be used on different 
sites. 


Data Field 6 





Duplicate Demand -- Enter "1" and demand will be repeated for all 
years based on the first year of record. For example, if the same 
demand is desired for all years, enter a "1" in column 61-70 of the 
GENERAL record and enter the demand for the first year of record 
only. 





Enter up to twelve paired values of surface area in acres and a 
seepage rate in inches per month. Enter values in descending order. 
The seepage rate represents the rate between two consecutive 
surface area values. For example, if the surface areas of 200 acres 
and 100 acres are entered along with seepage rates of 1 inch/month 
and 0.5 inch/month, the seepage rate for all surface areas below 
100 acres is 0.5 inch/month. For the area between 100 and 200 
acres, the seepage rate is 1.0 inch/month. An example of seepage 
input is shown in Figure A-2. The program computes seepage with a 
Similar procedure as that used in Table 2 (page 15) of this TR. 


At least one pair of values must be given. The first value for 
surface area should be at or above that for the upper limit. If 
there is only one pair, the seepage rate is assumed constant. Zeros 
at the end of each table need not be entered. 


Use of this control word will permit entry of a monthly evaporation 
coefficient. Factors represent the ratio of the monthly to annual 
evaporation coefficient. 
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Surface Area 100 Ac = 
Rate 1.5 / Month 


0.5"/ Month 


SEEPAGE 100 1.5 50 1 15 0.5 
FOR CONSTANT RATE OF 1.5 , ENTER: 


SEEPAGE 100 1.5 
Figure A-2. -- Seepage rate input. 


The values are multiplied by the annual evaporation coefficient 
entered on the GENERAL record. The result is a set of monthly 
evaporation coefficients. If no FACTOR records are included, the 
evaporation coefficient is assumed to be constant throughout the 
year (FACTOR values default to 1.0). 


For very shallow water with negligible heat storage, the factors 
are 1.0. The greater the depth of the lake, the larger the fall 
factors and the lower the spring factors will be. Data from which 
monthly factors may be calculated are reported in Reference 3 for 
four lakes. These lakes are: Lake Okeechobee, Florida; Lake Hefner, 
Oklahoma; Fort Collins Reservoir, Colorado; and Lake Elsinore, 
California. Lake Hefner, located near Oklahoma City, has a maximum 
depth of approximately 85 feet, average surface area of 2,300 acres 
and volume of 60,000 acre-feet. Fort Collins Reservoir also has a 
depth of approximately 85 feet. From one to three years of 
evaporation data are reported for each lake. The following table of 
monthly factors represents the annual trend at the four lakes. 


January 0.986 July 1.014 
February @.857 August 1.079 
March @.821 September 1.129 
April 0.821 October 1.166 
May 0.871 November 1.179 
June 0.937 December 1.143 


These factors are recommended for use with lakes of similar 
characteristics to the four lakes mentioned above. Very limited 
data for defining the monthly factors are available for either 
smaller or larger lakes. 
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If different factors are desired, all twelve factors must be 
entered on the FACTOR records. FACTOR records are not used with the 
Texas Bulletin 6006 procedure. 


CHANGE This control word allows selected information to be modified. Enter 
the control word that has data to be changed (TITLE, STO-AREA, 
LIMITS, GENERAL, SEEPAGE, FACTOR, RAINFALL, RUNOFF, EVAP, DEMAND, 
OTHERIN, or OTHER). All applicable data must be re-entered 
following the CHANGE record. Multiple CHANGE records may be used. 
Data only for selected years may be changed if desired. Sample Job 
4 illustrates use of the CHANGE record. 


INPUT DATA FORM 2 





Data on this form consists of data for each calendar year. Data for January to 
June is entered on the first record and July to December on the second record 
of each year. The data may be entered either by year or by data type. For 
example, enter all RAINFALL, RUNOFF, EVAP, etc., data for one year at a time, 
or enter all RAINFALL data, then all RUNOFF data, etc. The year is needed in 
columns 71 to 80 for each data type and year of record. The data should be 
checked by the user to make sure the data is entered by consecutive years, and 
each data type has values for the same years. If data for any year is missing, 
it is set to zero. DEMAND, OTHERIN, and OTHER data are not required for program 
operation. However, in most cases, the user will want to look at the effects of 
various demands and other inflows or outflows on the reservoir operation. END 
DATA and END JOB records are required. 


CONTROL WORD 





RAINFALL The monthly rainfall amount in inches taken from Climatological 
Data National Oceanic and Atmospheric Administration (NOAA), U.S. 
Department of Commerce. 


RUNOFF The monthly inflow in watershed inches into the reservoir. 
Generally taken from USGS stream gage records. At ungaged reservoir 
sites, runoff data may be transferred or adjusted from a nearby 
gaged watershed if hydrologically similar. A source of data for 
runoff includes the WATSTORE system. If the mean daily flow file is 
retrieved at a gage, the mean monthly flow can be converted to 
inches over the drainage area and entered into RESOP. 


EVAP Enter monthly Class A pan, free water surface, or actual lake 
evaporation in inches. A data source for average monthly Class A 
pan evaporation is Reference 2. Pan evaporation at a limited number 
of locations is available from Climatological data publications 
from NOAA. 


DEMAND The monthly demand in acre-feet that the reservoir is required to 
satisfy. Used for municipal supply, irrigation, etc. If there isa 
minimum required reservoir release rate, convert the rate to acre- 
feet per month and add it to any other demand. 


OTHER This control word may be used to input other types of inflow 
(positive value) or outflow (negative value) in acre-feet for the 
reservoir. An example would be pumped inflow. 
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OTHERIN As an alternative to using the OTHER record, other inflow or 


END DATA 


END JOB 


END RUN 


outflow may be entered in inches over the drainage area. The 
program converts this data to acre-feet of volume. Do not use OTHER 
and OTHERIN for the same year of record. 


This control word terminates individual studies and is entered one 
time following the last year to be analyzed. This record lets the 
program know when to begin processing the data for the given site. 
For multiple sites an END DATA should be entered after data for 
each site. For various CHANGE options, END DATA should follow the 
changed data. 


This control word may be used to separate jobs within one program 
execution. 


After reading this control word the reservoir operation study 
program stops. 
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Program Computations 





The RESOP program computes a water balance for one or more reservoirs through 
an accounting procedure using beginning reservoir storage, various inflows, 
losses, and outflows. 


1. Total Inflow (TI) in acre-feet is the sum of all inflows to the reservoir 
for the given month. The equation used in the program is: 


TI = (RUNOFF x DA x 640) + (UP. SITE) + (OTHER) + Eq. 1 
12 


(RAINFALL -RUNOFF) x SURFACE 
12 
where: 
RUNOFF = watershed inches; 
DA = total uncontrolled drainage area in square miles above the dam; 
UP. SITE = spill from upper site if present (AF); 
OTHER = other inflow input by user (AF); 
RAINFALL = rainfall in inches; and 
SURFACE = reservoir surface area (acres) at beginning of month. 


The fourth term in equation 1 represents additional water falling on the 
reservoir surface. Essentially all rainfall on the reservoir surface can be 
considered as an inflow. Runoff is subtracted because it is included in the 
first term. 


2. A table of seepage in acre-feet per month versus surface area is calculated 
as shown for the example in Table 2. The seepage rate in acre-feet per month 
is interpolated linearly. 


3. Evaporation from the reservoir surface in acre-feet for each month is 
computed from the equation: 


EVAPORATION = (EVAP x COEF x FACTOR) x SURFACE Eq. 2a 
12 
where: 
EVAP input from EVAP. records in inches for each month. 


COEF pan coefficient entered on the GENERAL record divided by 100. 

FACTOR = value of monthly factor from the FACTOR records or default 
value. 

SURFACE = reservoir surface area at beginning of month in acres. 


If Texas Bulletin 6006 is used in the evaporation analysis, evaporation in 
acre-feet is: 


EVAPORATION = (EVAP x RATIO) x SURFACE Eq. 2b 
12 
where: 
EVAP = input from EVAP records in inches for each month. 


RATIO = (Pan Coefficient/100.) - 6 
0.78 





The Texas Pan Coefficient entered on the GENERAL record (columns 11-20) must 
be greater than 600. 


(210-VI-TR-19, Appendix A, November 1987) 
522 


Missouri Department of Natural Resources 
Water Resources Center Missouri Water Supply Study June 2011 
A-10 


Demand is that volume of water allocated to meet the various water uses. 
The demand as input on the DEMAND records is not modified unless: 


A. the optimize demand option is selected or, 
B. the demand factor option is selected or, 
C. the reservoir storage is totally depleted. 


If the user desires to optimize demand, the demand will be altered by a 
percentage such that the reservoir storage will not drop below the lower 
storage limit entered on the LIMITS record. It will normally take several 
trials before the minimum reservoir storage falls between 1.0 to 1.05 times 
the lower storage limit. If the lower limit is less than 1 acre-foot, demand 
is changed until the minimum storage is between zero and 1 acre-foot. 


If the user desires that the demand be altered by a certain factor (demand 
factor option), a single reservoir operation trial will be run with demand 
altered (see Input Requirements, GENERAL record). 


If a certain demand will result in a dry reservoir at the end of the month, 
the demand is set equal to the remaining storage. The demand will increase 
again if sufficient inflow is available. 


Reservoir operation monthly water balance is computed by the following 
equations (all units in acre-feet): 


STO; -STOg, + TI -SEEPAGE -EVAPORATION -DEMAND Eq. 3 
Spill: 

SPILL = STO; -UPPER LIMIT Eq. 4 
Deficit: 

DEFICIT = STO; -LOWER LIMIT Eq. 5 
where: 


STOe = storage at end of month. 

STOg = storage at beginning of month. 

TI = total inflow. 

SEEPAGE = seepage. 

EVAPORATION = evaporation. 

DEMAND = demand 

SPILL = outflow from reservoir. 

UPPER LIMIT = upper reservoir storage limit. 

DEFICIT = storage depletion below lower limit (negative value). 
LOWER LIMIT = lower reservoir storage limit. 
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Output Description 





Output from the RESOP program contains detailed information on each of the 
water balance aspects for each reservoir and year of operation of a job. The 
types of information contained in the output table and important explanation 
follows. 


NOORWNE 


© 0 


10. 


11. 


12. 


13. 


14. 


Month and year analyzed. 

Rainfall in inches (repeated from input). 

Runoff in inches (repeated from input). 

Evaporation in inches (repeated from input). 

Other inflow in acre-feet (repeated from input). 

Demand in acre-feet as computed by program. 

Up. Site in acre-feet. Spill from the upstream reservoir is considered 
as an additional inflow to the current reservoir. 

Total inflow in acre-feet. See Program Computations above. 

Seepage in acre-feet is calculated based on the surface area at the 
beginning of the month. 

Surface Area in acres is the reservoir area at the end of the month. It 
is interpolated from the STO-AREA table input by the user based on end 
of the month storage. 

Evaporation in acre-feet is the monthly evaporation based on the 
reservoir surface area at the beginning of the month. 

Storage in acre-feet represents the amount of water in the reservoir at 
the end of the month. This value will not be greater than the upper 
limit of reservoir storage entered on the LIMITS record. It may fall 
below the lower limit if the optimize demand option is not used. 
Deficit in acre-feet represents the difference between the end of month 
storage and the lower storage limit entered on the LIMITS record. 
Spill in acre-feet represents outflow from the reservoir when the end of 
month storage equals the upper limit entered on the LIMITS record. 


At the end of each year, totals are printed for all output except surface area 
and storage. 


For multiple site runs and CHANGE options, similar output tables are also 
printed. 
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APPENDIX B - Estimating direct runoff from rainfall 


To estimate direct runoff from rainfall, soils and antecedent moisture are considered. 


This section describes adjustments to runoff based on rainfall and NRCS's runoff curve numbers 
(RCN). Figure 1 shows a generalized map of RCN's for the state. These RCN's were developed 
from stream gauge runoff data and weighted rainfall data. These numbers were then correlated 
with soils and land use. The most detailed discussion of RCN development is in NRCS's TR-55 
(Urban Hydrology). The RCN is based on soils, vegetative cover, land use and antecedent 
moisture. Soil scientists have divided soils into four hydrologic soil groups (HSG's). 


HSG "A" Soils have low runoff potential. Infiltration rates are greater than 0.30 inches per hour. 


HSG "B" Soils have moderate infiltration rates of 0.15 to 0.30 inches per hour. These soils are 
silt loams or loams. 


HSG "C" Soils have low infiltration rates of 0.05 to 0.15 inches per hour. These soils are Sandy 
clay loams. 


HSG "D" Soils have very low infiltration rates of less than 0.05 inches per hour. These soils are 
made up of clays. 


A complete list of soils with their HSG is included in NRCS's TR-55. RCN's for various land uses 
and crops by HSG is included in TR-55. Table 1 shows broad ranges of RCN's. 


Antecedent soil moisture can be estimated by using antecedent rainfall. Adjustment to the RCN 
can be made to estimate direct runoff. To do this the daily rainfall values for the month are 
tabulated. Antecedent rainfall could extend for as much as 30 days preceding the rainfall event. 
Five day antecedent rainfall gives very good results and added periods of time do not 
necessarily give additional accuracy. 


To adjust for runoff, the nearest precipitation gauge was used. Using the daily rainfall values, 
estimates of antecedent rainfall can be used to adjust the SCS runoff curve number for each 
day’s rainfall event, then added the daily runoff at the end of each month. The adjustments 
follow. 


A Guide to Approximate Antecedent Moisture. 


Total of 5-day antecedent rainfall 


CONDITION Dormant Season Growing Season 

| (Dry) Less Than 0.5 Inch Less than 1.4 Inch 
Il (Average) 0.5 to 1.1 Inch 1.4 to 2.1 Inch 

Ill (Wet) Over 1.1 Inch Over 2.1 Inch 


To adjust the curve number for RCN of 80. Table 10.1 of NRCS 
National Engineering Handbook, Part 630(Hydrology). 


CONDITION | RCN 63 


Il RCN 80 
Il RCN 94 
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It is sometimes desirable to interpolate between these numbers. 


|-------- 1952--------- ||-------- 1955-------- || 
| Anti. |Run-|| | Anti. |Run- || 
Day | Mar | Moistloff || Feb | Moist |off || 
1 | 0.00| | || 0.00] | | 
2 | 0.33] | |0.0 || 0.00] | I| 
3 | 0.68] | |0.0 || 0.00] | l| 
4 | 0.09] | || 0.60] | [0.03 ]| 
5 | 0.00| | || 0.04, | [0.0 || 
6 | 0.00| | || 0.00] | || 
7 | 0.05] | |0.0 || 0.00] | I| 
8 | 0.24] | |0.0 || 0.00] | l| 
9 | 0.00| | || 0.00] | II 
10 | 0.72| | |0.0 |] 0.10] | | 0.0 || 
11 | 0.00} | ||Trace| | I| 
12 |Trace| | || 0.00] | l| 
13 | 0.00} | || 0.00] | I| 
14 |Trace| | || 0.00] | || 
15 | 0.07| | |0.0 |] 0.00} | lI 
16 | 0.00} | || 0.00] | l| 
17 |Trace| | || 0.00] | I| 
18 | 0.32] | |0.0 || 2.02} | |0.10]| 
19 | 0.00} | || 0.42] Ill |0.10]| 
20 | 0.00| | || 0.00] | l| 
21 | 0.22| | |0.0 || 0.00} | l| 
22 | 0.20| | || 0.00] | l| 
23 | 0.00} | ||Trace| | l| 
24 | 0.00| | || 0.42] Il | 0.0 || 
25 |Trace| | || 0.00] | I| 
26 | 0.00| | || 0.30] Il | 0.0 || 
27 | 0.00| | || 0.00] | I| 
28 | 0.00| | || 0.00] | I| 
29 | 0.00] | Ik oAl | | 
30 | 0.00} | Ik al | | 
31 | 0.00} | > al | | 
| | | | | | | 
Total | 2.92| | 0.0 || 3.90| | 0.23 || 
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GENERALIZED RUNOFF CURVE NUMBERS 


Missouri Water Supply Study 


HYDROLOGIC SOIL GROUP 


A 
CROPLAND 
NOT TREATED 81 
TREATED 74 
PASTURE 
NOT TREATED 79 
TREATED 69 
FOREST 
NOT TREATED 66 
TREATED 55 
OTHER 79 


B 


88 
80 


86 
79 


77 
70 


86 


Cc 


91 
82 


89 
84 


83 
77 


89 


June 2011 


Treated is properly managed to control erosion. Cropland is terraced with waterways and 
residue left on ground. Pastures have good livestock rotation. Not treated is the absence 


of proper land use and treatment. 
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